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Leishmaniose é uma zoonose causada por Leishmania Ross, 1903 
protozoário que é transmitido aos hospedeiros vertebrados (mamíferos) por vetores 
(flebotomíneo). São doenças negligenciadas de grande importância em saúde 
pública e com ampla distribuição mundial. O presente trabalho teve por objetivo 
identificar a(s) espécie(s) de Leishmania responsável pela doença em cães, na 
região Extremo Oeste do estado do Paraná usando como ferramenta o marcador 
espaçador interno transcrito (ITS) e avaliar a dispersão de Leishmania (Leishmania) 
infantum na região Centro Sul da América do Sul com o uso de marcadores 
microssatélites. Após o isolamento do prasito em cães, estes foram analisados por 
Reação em Cadeia de Polimerase (PCR) usando como marcador o ITS. Todas as 
amostras de Leishmania foram identificadas como L. (L.) infantum. Para testar o 
poder de discriminação do marcador ITS, um total de 486 sequências de 13 
espécies de Leishmania presentes no Novo Mundo, mais Leishmania donovani e L. 
(L.) infantum foram obtidas do Genbank, somadas aos nossos isolados de campo 
foram analisadas usando o método de agrupamento Neighbor-Joining. Nossos 
resultados sustentam que o marcador ITS foi capaz de discriminar dois grupos. O 
primeiro grupo inclui os complexos L. donovani e L. mexicana do subgênero 
Leishmania e no segundo grupo inclui todas as espécies do subgênero Viannia que 
se mostrou menos efetivo na separação das atuais espécies descritas no Novo 
Mundo. Os isolados do parasito obtidos na região oeste do Paraná agruparam-se no 
complexo L. donovani, entre L. donovani e L. (L.) infantum. Numa segunda etapa 
foram usados marcadores microssatélites que mostraram que na região oeste do 
Paraná circulam duas populações de L. (L.) infantum. A comparação com isolados 
provenientes de outros estados do Brasil e do Paraguai foi possível separar três 
populações de L. (L.) infantum. Os dados levantados na literatura associado aos 
dados obtidos neste estudo permitiram verificar que L. (L.) infantum teve quatro 
movimentos de expansão na região Centro Sul da América do Sul. O primeiro 
movimento foi graças à migração populacional humana do Nordeste para a região 
Sudeste. O segundo deu-se com a construção do gasoduto Bolívia-Brasil passando 
por três estados da região Centro-Oeste do Brasil. O terceiro movimento de 
expansão foi a entrada de LV na tríplice fronteira via Argentina↔Brasil↔Paraguai. E, 
 
 
enfim, foi possível constatar a entrada de uma “nova” população na região oeste de 
Santa Catarina e central do Paraná.  
 
Palavras-chave: 1. Dispersão 2. ITS 3. Leishmania (Leishmania) infantum 4. 







Leishmaniasis is a zoonosis caused by Leishmania Ross, 1903 protozoan 
which is transmitted to vertebrate hosts (mammals) by vectors (sandfly). They are 
neglected diseases, of great importance in public health and with wide distribution 
worldwide. The objective of the present work was to identify the Leishmania species 
responsible for the disease in dogs in the extreme west region of the state of Paraná 
using the transcribed internal spacer marker (ITS) as a tool and to evaluate the 
dispersion of Leishmania (Leishmania) infantum South America’s Center-South 
region with the use of microsatellite markers. After isolation of the prasite in dogs, 
these were analyzed by Polymerase Chain Reaction (PCR) using the ITS marker. All 
Leishmania samples were identified as L. (L.) infantum. To test the discriminating 
power of the ITS marker, a total of 486 sequences from 13 Leishmania species 
present in the New World plus Leishmania donovani and L. (L.) infantum were 
obtained from Genbank, plus our field isolates were analyzed using the Neighbor-
Joining grouping method. Our results support that the ITS marker was able to 
discriminate two groups. The first group includes the L. donovani and L. mexicana 
complexes of the subgenus Leishmania and in the second group includes all species 
of the subgenus Viannia that proved less effective in separating the present species 
described in the New World. The isolates of the parasite obtained in the western 
region of Paraná were grouped in the L. donovani complex, between L. donovani and 
L. (L.) infantum. In a second step microsatellite marker were used that showed that in 
the western region of Paraná two populations of L. (L.) infantum circulate. 
Comparison with isolates from other states of Brazil and Paraguay allowed to 
separate three populations of L. (L.) infantum. The data collected in the literature 
associated with the data obtained in this study allowed us to verify that L. (L.) 
infantum had four expansion movements in the South America’s Center-South 
region. The first movement was due to the human population migration from the 
Northeast to the Southeast region. The second occurred with the construction of the 
Bolivia-Brazil gas pipeline passing through three states of the Center-West region of 
Brazil. The third movement of expansion was the entrance of LV in the triple border 
via Argentina↔Brazil↔Paraguai. And, finally, it was possible to verify the entry of a 
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1 INTRODUCTION  
 
Leishmaniases are anthropozoonoses caused by the protozoan Leishmania Ross, 
1903, transmitted to vertebrate hosts (mammals) by vectors (phlebotomine). There are two 
clinical forms of the disease: visceral leishmaniasis (VL) and cutaneous leishmaniasis (CL) 
(Moreno; Alvar; 2002; Who, 2016a).   
CL is a worldwide distributed disease and has been drawing attention from the 
world public health authorities, due to the increasing number of cases since 2005. In the 
year of 2015 were reported 214,096 cases (Who, 2017). The main species of New World 
Leishmania are: Leishmania (Viannia) braziliensis, L. (V) peruviana, L. (V) panamensis, L. 
(V) guyanensis, L. (V) naiffii, L. (V) lainsoni, L. (V) shawi, L. (Leishmania) amazonensis 
and L. (L) mexicana which causes CL and L. (L) infantum (sinonímia L. chagasi) causing 
VL (Lainson, 1983; Thomaz-Soccol et al., 1993, 2009; Who, 2017). In Brazil, the parasite 
transmission occurs in several municipalities in all states. Since 1985, it has been 
increased CL cases in the country and, in the last two decades, the transmission peaks 
have been observed approximately every five years. The number of CL cases in humans 
raised from 3,000 in 1980 to 37,710 in 2005. From 1985 to 2010, it was registered an 
annual average of 35,000 autochthonous cases (Brasil, 2010).  
VL is a neglected disease present in Asia, Africa, Europe and Americas with a 
large geographic distribution and an increasing number of cases (OPAS, 2018). 
Depending on the geographic regions, VL can be caused by the species L. (L.) donovani 
(in Asia and Africa); L. (L.) infantum (in Asia, Europe, Africa and Americas) (Brasil, 2006). 
Ninety percent of cases of VL occur in Bangladesh, Brazil, Ethiopia, India and Sudan 
(Who, 2013; Brasil, 2014a). It is estimated that 1.69 billion people are living in VL 
transmission areas worldwide (Pigott et al., 2014). In 2015, a worldwide incidence of 2.27 
cases per 100,000 habitants was stipulated by the World Health Organization (WHO), of 
which 95.1% were reported in Brazil (Who, 2017). 
VL has undergone a change in the transmission scenario, both in the Old and New 
World (Maia-Elkhoury et al., 2008; Ready, 2010; Gradoni, 2013). In the Old World 
countries, where VL was not previously reported, epidemics occurred and, in those where 
the disease was already endemic, there was an expansion in geographical areas. An 
example of this is the epidemiological surveillance data published in the Eurosurveillance 
journal of five endemic countries in southern Europe (Bulgaria, Greece, Croatia, Italy and 
France), which recorded an increase in the number of cases. In Spain there was outbreak 
of VL in Madrid (Gradoni, 2013; Lachaud et al., 2013).   
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In the Americas, the countries are classified according to the epidemiological 
scenario for VL (Who, 2016b), which are: sporadic transmission (Costa Rica, Guatemala, 
Honduras, Nicaragua, Bolivia, Guyana and Mexico), and controlled disease (Colombia and 
Venezuela) (Argentina, Brazil and Paraguay). The expansion of VL observed in the New 
World occurred in countries where autochthony of the parasitic cycle wasn’t previously 
verified, such as United States and Uruguay (Cousiño, 2006; Duprey et al., 2006; Salomon 
et al., 2008; 2009; 2011), and internally there was a disease expansion to areas previously 
indene. 
In Brazil, until 1980, VL was more common in wild and rural environments where 
the population had a low level of education (Gama et al., 1998; Gontijo, Melo, 2004, Brazil, 
2010), being endemic especially in the North East region. Since 1980s, the disease 
dispersal has changed this paradigm with the registration of VL cases in periphery aereas 
of large cities and urban centers, and becoming a disease found in urban and peri-urban 
areas (Figueredo et al., 2010). In the 1990s, several epidemic outbreaks were reported 
especially in the southeastern and midwestern regions of the country. High rates of VL 
cases were registered in dogs (urban parasite reservoirs) followed by clinical cases in 
humans in the municipalities of Belo Horizonte (Minas Gerais state), Campo Grande (Mato 
Grosso do Sul state) and Araçatuba (São Paulo state), confirming the urbanization of the 
disease in Brazil (Maia-Elkhoury et al., 2008; Savani et al., 2011; Paulan et al., 2012; 
Cunha et al., 2014; Oliveira et al., 2016; Sevá et al., 2017). In the state of São Paulo, VL 
showed an increase of cases number in both dogs and humans in new geographical 
areas, such as Ilha Solteira, Campinas, Araçatuba, Bauru and other cities (Savani et al., 
2011; Paulan et al. al., 2012, Oliveira et al., 2016). At the state of Mato Grosso do Sul, 
environmental changes such as the construction of BR 262 and the Bolivia-Brazil pipeline, 
parallel to this highway, contributed to the rapid expansion of VL in the state (Antonialli et 
al., 2007). In the southern region of the country VL, which until then was considered 
imported, now has records of autochthonous cases. First, it was observed in Rio Grande 
do Sul in 2008 followed by Santa Catarina, which recorded the first case of VL canine in 
2010. And finally, the state of Paraná that recorded the first autochthonous case in dogs in 
2012 (Souza; Santos; Andrade Filho, 2009; Steindel et al., 2013; Dias et al., 2013). 
Exogenous factors have helped for this dispersal and change of the VL scenario, 
being fundamental for the occurrence and dispersion of leishmaniases in both sides of the 
World. Important exogenous factors are: migration of hosts, changes in socioeconomic 
patterns, introduction of infected hosts in the presence of sandflies, deforestation and 
changes in the ecosystem, whether or not caused by man (Evans et al., 1992; Alvar et al., 
1996; 1997; Antonialli et al., 2007; Kuhls et al., 2011). 
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The main challenges to control these endemics or epidemics can be the 
adaptation of the vectors to the conditions existing in the cities and consequent 
urbanization of parasites transmission; changes in the clinical-epidemiological profile of the 
disease; operational difficulties such as early diagnosis; reduction of infected reservoirs; 
control of the vector population; degree of effectiveness of the measures employed; and 
high financial cost required for control (Brasil, 2006). Studies on the dispersion of L. (L.) 
infantum and of which parasite populations are involved are necessary to establish 
prevention and control measures, especially in South America’s Center-South region, 
which is recent. Some points in relation to this expansion need to be considered and 
understood, such as: 
1. would the construction of Bolivia-Brazil and Bolivia-Argentina gas pipeline in the 
Central-South / Southeast region of the continent have helped the dispersion of VL to the 
Central South region with reflections in southern Brazil and adjacent countries? 
2. would the population flow on the triple border of Brazil, Argentina and Paraguay 
at Foz do Iguaçu city have aided the entry of L. (L.) infantum in Brazil or vice versa? 
3. the migration of Italian and German settlers from the southern region of Brazil to 
the Southeast and Central West regions would have been relevant for the parasite 
dispersion, through dogs, to areas where there were no L. (L.) infantum? 
Thus, the present work proposes, firstly, the identification of Leishmania species 
that cause canine VL in dogs from the extreme west of Paraná. And, subsequently test a 
panel of 14 microsatellites in a local population compared to populations of different 
regions. In this way, we try to understand the entrance and dispersion of L. (L.) infantum 




1.1.1 General objetive 
 
To identify Leishmania species causing canine LV in the Far West of Paraná and 
to evaluate the dispersion of L. (L.) infantum in the South America’s Center-South region, 
using microsatellite markers. 
 
1.1.2 Specific objetive 
 
• Identify Leishmania species in the extreme west region of Paraná state; 
• Check how the ITS marker separates Leishmania populations; 
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• Study the dispersion of the parasite in South America’s Center-South region by 
genotyping L. (L.) infantum isolates in dogs, humans and sandflies from several regions of 
Brazil and Paraguay; 
• Study the dispersion of the parasite in South America’s Center-South region by 
means of a bibliographical survey of the first reports of canine and human VL; 
• Test hypotheses for the entry of the VL causal agent in the extreme west region 





2 LITERATURE REVIEW 
 
 
2.1 ETIOLOGICAL AGENT  
 
Leishmania is a protozoan that requires vertebrate and invertebrate hosts to 
complete the biological cycle. This parasite has two forms of development: amastigote 
present in vertebrate hosts (mammals) and promastigote in invertebrate hosts (sand flies) 
(Peters; Killick-Kendrick, 1987). 
The amastigote form has an oval or round body with a nucleus, kinetoplast and 
axoneme, measuring 2 to 5 μm in diameter and parasitizing the cells of the monocytic 
phagocytic system (MPS) of mammals. The promastigote form has an elongated body, an 
axoneme that extends beyond the border of the cell and transforms it into a flagellum, 
measure 14 to 20 μm, and is present in the digestive tract of sand flies (Pessôa; Martins, 
1982, Peters; Killick-Kendrick, 1987). Leishmania has kinetoplast, a DNA rich organelle 
(kDNA) structured in the form of thousands of intertwined circles, called maxicircles and 
minicircles (Lukes et al., 2002). The genus Leishmania has clonal reproduction and are 
diploid organisms (Tibayrenc, Kyllberg; Ayla, 1990; Birky, 1996; Normark, 1996; 




One of the most accepted classifications for the genus Leishmania is proposed by 








Genus: Leishmania Ross, 1903 
At the infrageneric level the parasite is subdivided into two subgenera: Leishmania 
and Viannia (Lainson; Shaw, 1987). The classification based on molecular characters of 
the genus Leishmania comprises two groups: EuLeishmania (including the subgenus 
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Leishmania and Viannia) and ParaLeishmania (including species found only in wild 
animals) (Akhoundi et al., 2016). 
The earliest references to leishmaniasis in the New World date back to the time of 
the Incas and later to descriptions made by the Spanish in the sixteenth century (Thomaz-
Soccol, 1993). Already in the Old World, in 1756 Russell and Hassel Quist summarily 
describe the disease. In 1833 Guilhou, in his thesis, describes the disease with more 
details, showing that the "Button of Aleppo" is quite dispersed. In 1903, Ross proposed the 
binomial Leishmania donovani to the parasite responsible for kala-azar in India. In the 
same year the causal agent of the eastern button was discovered by Wright, 1903, being 
called Leishmania tropica Luhe, 1906. In 1905 the first case of kala-azar in the 
Mediterranean region was reported (Sergent et al., 1905). Gaspar Vianna in 1906, while 
investigating amastigote forms in cutaneous lesions of a patient in Minas Gerais, 
concluded that these were a different species of L. tropica, denominating Leishmania 
brasilienses (Vianna, 1911). In 1908, Nicolle isolated the parasite from a child with visceral 
lesion and named the parasite Leishmania infantum, differentiating visceral leishmaniasis 
in the Mediterranean caused by L. (L.) infantum of Indian kala-azar caused by L. donovani. 
Wenyon (1911) described Phlebotomus as the likely Leishmania vector in the Old World. 
In 1911, the name of the species “L. brasilienses” was changed to L. braziliensis (Matta, 
1916). Velez in 1913, described that cutaneous and mucocutaneous leishmaniasis in Peru 
was caused by L. peruviana. The first report of American visceral leishmaniasis (AVL) in 
the Americas was made by Migone in 1913. In 1914, Yakimoff and Schokhor proposed L. 
tropica minor as the causative agent of CL for the dry form of the lesion and that occurred 
in the urban region and L. tropica major as the causative agent of CL for the wet ulcer form 
and that occurred in the rural region. Castelani and Chalmers (1919) named L. donovani 
archibaldi as the etiological agent of the lethal form of VL (Akhoundi et al., 2016). 
Pena (1934) made the first description of VL in the Amazon region and Chagas 
(1936) described the first case of VL in a living patient in Brazil. Cunha and Chagas in 
1937 isolated the etiologic agent of VL in Brazil and named it L. chagasi. Medina (1946) 
found a parasite that caused skin lesions in India piglet (Cavia porcellus) and Leishmania 
enriettii Muniz & Medina, 1948. Convit and Lapenta (1946) observed a different clinical 
form of cutaneous leishmaniasis in Venezuelan patients and the authors have termed 
diffuse cutaneous leishmaniasis, caused by Leishmania pifanoi (Medina, 1959). 
In 1954, Floch called Leishmania guyanensis the causative agent of leishmaniasis 
in French Guiana. In 1962, Garnham called Leishmania mexicana the causative agent of 
"chiclero ulcer" in Central America (Garnham, 1962). Lainson and Shaw (1972) observed 
biological aspects of L. mexicana, found in Central America, similar to those found in Brazil 
24 
 
as the etiological agent of L. mexicana amazonensis. Herrer in 1971 named Leishmania 
hertigi the parasite found in pork thorn in Panama. Lainson and Shaw (1972) called L. 
panamensis the causative agent of leishmaniasis in Panama. 
After the identification of two species of parasites belonging to the genus 
Leishmania in 1903 by Ross, and several other species, the first attempts to group the 
parasites in a linear system appear. However, the classification underwent in modifications 
over the years depending on the characters used. In the first stage extrinsic characters 
were used, and from the 80s the intrinsic characters became used. A first classification 
proposal was made in the nineteenth century based on extrinsic characters such as 
clinical form, geographical distribution and epidemiological cycle (Thomaz-Soccol, 1993). 
The first to worry about the grouping of the genus was Matta (1916) who proposed a first 
classification with five species: L. donovani, L. infantum, L. braziliensis, L. furunculosa, L. 
nilotica. In 1937, Chagas et al proposed a new classification based on etiopathogenesis 
and biogeography designating as species: L. braziliensis, L. chagasi, L. donovani, L. 
infanum and L. tropica. In 1949, Kirk classified species of the genus Leishmania according 
to morphology, clinical aspects in humans, epidemiological aspects, promastigotes forms 
in culture, cross immunity, serological tests and xenodiagnosis. The author proposed a 
complete nomenclature of the genus Leishmania with eleven species described at that 
time (L. tropica, L. donovani, L. braziliensis, L. (L.) infantum, L. peruviana, L. tropica minor, 
L. tropica major, L. archicaldi, L. enriettii, L. chagasi, L. pifanoi). 
In 1961, Pessôa reviewed the classification of the species from the genus 
Leishmania and used a binominal or trinominal nomenclature and named the VL-causing 
species only as L. donovani. For Old World cutaneous leishmaniasis, L. tropica minor (dry 
form) and L. tropica major (wet form) were included. For the species of the New World the 
author proposed five subspecies within the species L. braziliensis: L. b. braziliensis; L. b. 
peruvian L. b. Mexican; L. b. guyanensis and L. b. piphalo. 
Nicolli in 1964, taking as reference the development of the parasite in the gut of 
the insect vector proposed the division of the L. donovani species into six subspecies (L. d. 
donovani, L. d. infantum, L. d. chagasi, L. d. archibaldi, L. d. sinensis and L. d. myoxi). 
In 1971, Garnham suggested a classification based on the development of the 
parasite in the vector and in the vertebrate host. In this way, the determination of the 
interspecific phylogenetic bonds and classifying the VL agent into four species, three of 
which are present in the Old World and one in the New World (L. chagasi). Lainson and 
Shaw (1987) subdivided Leishmania into two subgenus Leishmania (Suprapiloria) and 




In 1979, Lainson and Shaw reviewed the classification of Leishmania species 
present in the New World based on the development pattern of the parasite in the sandflie 
Lutzomia longipalpis. The authors proposed the subdivision into three groups: Hipopilaria 
for L. agamae and L. ceramodactyli, Peripilaria for L. braziliensis and Suprapilaria for L. 
donovani, L. mexicana, L. hertigi and L. tropica complex. In 1986, Le Blancq and Peters 
described a new taxonomic classification taking into account intrinsic characters of the 
parasite using isoenzymes as a system for differentiation of Leishmania species. Rioux 
and colleagues in 1990 proposed a new classification for Leishmania spp. based on 
intrinsic and extrinsic characters and numerical methods, grouping the Linneana and 
Adansonian classifications. The World Health Organization, in the same year, admitted the 
species of Leishmania in three subgenres: Leishmania, SauroLeishmania and Viannia. 
Thomaz Soccol et al. (1993) proposed the evolutionary characterization of New World 
Leishmania using as a tool the enzymatic identification integrating the subgenus Viannia 
and Leishmania with phylogenetic models. The authors proposed some species as 
synonymy (such as L. (L.) infantum/L. chagasi) and suggested that the genus Leishmania 
is of monophyletic origin. In the same year, Momen and collaborators proposed the use of 
synonymy for L. chagasi and L. (L.) infantum. Shaw in 1994, suggested that Leishmania 
encompass 30 species that infect mammals including the 21 species that infect humans. 
Cupolillo, Grimaldi and Momen (1994) confirmed the subgenus Viannia as monophyletic. 
In 1999, Dedet and colleagues, drawing on the evolutionary history of the Leishmania 
classifications, proposed the division of classifications into four periods: Linnaean, 
Adansonian, phenetic and phylogenetic. 
At the beginning of the 21st century, proposals for new classifications for 
Leishmania composed of two groups: EuLeishmania (subgenus Leishmania and Viannia) 
and ParaLeishmania (for L. hertigi, L. deanei, L. colombiensis, L. equatoriensis, L. herreri 
and species of Endotrypanum) (Cupolillo et al., 2000; Schonian et al., 2000). 
Currently there is concordance of phylogenetic classifications based on 
monophyletic concepts, parsimony and non-convergent characters. These concepts 
provided validation of the classification of these species according to extrinsic 
characteristics (geographical distribution, clinical signs and characteristics in the 
development of the sandfly gut) and intrinsic (biochemical, immunological and molecular 
markers) (Akhoundi et al., 2016). 
 




Leishmania is a heteroxene parasite and requires two hosts to complete the 
biological cycle. Vertebrate hosts (mammals) can be classified as an accidental host or 
reservoir, while invertebrate hosts (hematophagous insects) are called vectors (Coura, 
2005). 
The reservoir of infectious agent is any mammal and arthropod where it lives and / 
or multiplies an infectious agent. In leishmaniasis, the main reservoir varies depending on 
the species of the parasite. Accidental hosts may be other mammals that help to maintain 
the pathogen (PAHO, 2010). For example, the reservoir of L. (L.) infantum of major 
relevance in Brazil is the domestic dog (Canis familiaris) and man is considered an 
accidental host (Coura, 2005). The dogs are primary reservoirs, but wild canids, 
marsupials and rodents have been described as possible secondary reservoirs of this 
parasite (Lainson, Rangel, 2005, Lainson, Shaw, 2005; Rotureau, 2006). High percentage 
of dogs are carriers of the parasite without clinical manifestation of the disease making it 
difficult to identify positive animals for L. (L.) infantum and corroborating with its role as 
reservoir (Coura, 2005). 
Vetor, according to the Pan American Health Organization (PAHO, 2010), is an 
insect that carries an infectious agent, from an individual or its excrement to the 
susceptible individual. The agent may or may not undergo transformation (mechanical 
vectors), multiply, or transform into the vector (biological vector). The vector for 
Leishmania spp. are females of hematophagous insects belonging to the Order Diptera, 
Suborder Nematocera, Family Psychodidae, Subfamily Phlebotominae. These insects 
develop in four evolutionary stages (egg, larva, pupa and adult) and only females are 
hematophagous (Coura, 2005). The egg phase to the pupa usually occurs in terrestrial 
breeders in the presence of organic matter and moisture (Aguiar and Medeiros, 2003). 
Phlebotomine females can be found in primary, secondary, peridomicile and domiciliary 
forest. In the last two habitats they feed mainly on the blood of domestic animals (Coura, 
2005). The females of sandflies initiate the sanguine repast in the twilight and nocturne 
period, sheltering in humid and somber places. Humidity in the air and soil are important 
factors for reproduction and resting of sandflies (Ready, 2013). 
The cycle begins with the parasite transmission at the moment of sandflies 
females carry out hematophagy, regurgitating the metacyclic promastigote forms in the 
dermis of the vertebrate host. These parasitic forms are phagocytosed by macrophages 
and transformed into amastigotes. Intracellularly the amastigote forms multiply by binary 
division, break the host cell and infect other macrophages. Phlebotomine performs 
hematophagy in this infected host (reservoir) and ingests the amastigote forms present in 
macrophages. The amastigote forms, in the vector, are taken to the midgut and become a 
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promastigote, continuing the cycle (Figure 1) (Sacks; Noben-Trauth, 2002; Coura, 2005; 
Montalvo et al., 2012). 
 
Figure 1: – Evolutionary cycle of Leishmania spp. 
 
Source: Adaptation of CDC - Bisetto Junior et al., 2015. 
 
2.4 PATHOGENESIS AND CLINICAL MANIFESTATIONS 
 
L. (L.) infantum is a parasite that mainly affects the skin and internal organs such 
as lymph nodes, spleens, liver and bone marrow (Solano-Gallego et al., 2011; Kaszak, 
Planellas, Dworecka-Kaszak, 2016). 
In humans it is a disease that can present acutely evolving to chronic and 
systemic, being asymptomatic or symptomatic. When symptomatic, the patient presents 
weight loss, hepatosplenomegaly, anemia, long-term fever, among other clinical signs and 
can progress to death if not treated properly. The incubation period can be from ten days 
to two years. In endemic areas, the elderly, immunocompromised and children are at 
higher risk groups (Brazil, 2016). However, in recent cases, individuals of any age group 
are at risk of developing severe disease (Coura, 2005). 
In dogs, the incubation period may vary from three months to several years (Brazil, 
2016). The disease may present three clinical forms: 1. Asymptomatic (absence of clinical 
28 
 
signs suggestive of VL); 2. Oligosymptomatic (clinical signs such as weight loss, skin 
lesions, opaque hairs); 3. Symptomatic (clinical signs such as adenomegaly, 
onychogrifose, alopecia, hyperkeratosis, conjunctivitis, hepatomegaly, splenomegaly, 
convulsion, muscular atrophy, among other signs more common to the disease) (Solano-




VL is a severe disease, in which 500,000 new cases are registered every year in 
the world and considered a neglected disease (Dedet et al., 2009; Who, 2013; 2017; 
PAHO, 2018). Ninety percent of the cases occur in six countries: Bangladesh, Brazil, 
Ethiopia, India, Nepal and Sudan (Who, 2016a). The incidence of the disease is estimated 
at 200 to 400 thousand cases/year with an average of 20 to 40 thousand deaths/year, 
leaving behind only by malaria the parasitic disease that causes more deaths (Who, 2013). 
In the American continent, the disease and the parasite are recorded in both South 
and Central America (Lainson; Shaw, 1987, Baneth, 2006; Jeronimo; Souza; Pearson, 
2007; Dedet et al., 2009; Who, 2017). The countries are classified according to 
epidemiological scenario: Costa Rica, Guatemala, Honduras, Nicaragua, Bolivia, Guyana 
and Mexico have sporadic transmission; Colombia and Venezuela are controlled; 
Argentina, Brazil and Paraguay the disease is expanding (Who, 2016b). 
Factors such as climate and environmental changes, population rapid migration 
from rural to urban areas, rapidly expanding cities without infrastructure may be 
responsible for the urbanization of VL, since there was more interaction and mobilization of 
wild reservoirs and infected dogs to big centers (Lainson, 1989; Silva et al., 1997; Dias, 
Lorosa, Rebelo, 2003; Harhay et al., 2011). 
It is known that 90% of the VL cases in the world occur in Brazil (Coura, 2005; 
Madeira et al., 2009), where the disease presents different geographic, climatic and social 
aspects, since it is present throughout the Brazilian territory. The first urban epidemic of VL 
occurred in Teresina, Piaui state in the 1980s. Since then there has been an expansion 
and urbanization of VL with human cases and positive dogs in large and medium-sized 
cities (Costa; Pereira, Araújo, 1990). São Luís (MA), Natal (RN), Aracaju (SE), Boa Vista 
(RR), Santarém (PA), Palmas (TO), Rio de Janeiro (RJ), Belo Horizonte Araçatuba (SP), 
Cuiabá (MT), Corumbá (MS), Três Lagoas (MS) and Campo Grande (MS) (Brazil, 2001; 
Brazil, 2006). For the last two decades the Northeast region present the highest VL 
prevalency in Brazil (Brasil, 2006). 
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In the southern region of the country, the first canine case of VL was recorded in 
2008 and the first human case in 2009, both in São Borja, State of Rio Grande do Sul 
(Souza, Santos, Andrade Filho, 2009). In Uruguaiana (RS) the first canine case of VL was 
recorded in 2009 (Massia et al., 2015). In 2010, the first canine case of VL (Brazil, 2011a) 
and the first human case of VL in 2016 (CRMV, 2016) were registered in the city of Porto 
Alegre (RS). In the state of Santa Catarina, the first canine case of VL was recorded in 
2010 in Florianópolis, (Steindel et al., 2013) and in 2017 the first case in humans (Steindel, 
2017) in the same municipality. In the western region of Santa Catarina state, VL positive 
dogs were found by serology and polymerase chain reaction (PCR) in the cities of 
Descanso and São Miguel do Oeste in the year of 2014 (Mazieiro et al., 2014) and Erval 
Velho in 2016 (Pinto, 2017). In the state of Paraná, the first autochthonous case in dogs 
was described in Foz do Iguaçu in 2012 (Dias et al., 2013), followed by the first 
autochthonous case in humans in 2016 in the same municipality (Trench et al., 2016). 
However, allochthonous canine cases were already being reported between 2000 and 
2009 together with an alert that in case of competent vectors entrance the parasite could 
be rapidly established and disseminated in the state of Paraná (Thomaz-Soccol et al., 
2009). 
 
2.6 PREVENTION AND CONTROL 
 
For the prevention and control of VL in the human and canine population, actions 
directed to the man, vector, dogs and environment are necessary because it is a complex 
disease and because it involves several actors (Brasil, 2006). 
In Brazil, the prevention forms against VL in humans proposed by the Ministry of 
Health (MS) are measures of individual protection and control in the residence such as: 
use of thin-bed nets, chemical repellents, screens on doors and windows and avoid 
access to areas of risk in crepuscular times. For dog population the VL control should be 
done by reducing the number of wandering dogs by means of castration and donation of 
these animals, use of collars impregnated with 4% deltrametrin. As for the vector control  
environmental management strategies is necessary for example , reduction of the 
accumulation of organic matter in the garden  and vacant lots, and the use of insecticides 
in the environment should be avoided. However, this control is expensive and labor 
intensive. As for the individuals, it is necessary the diagnosis and early treatment of human 
cases, reduction of the population of sandflies, elimination of reservoirs and health 
education activities (Brasil, 2006). 
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One of the first steps to take control measures for VL is the classification of risk 
areas performed by competent bodies. In Brazil, teh Ministry Health proposes the following 
classifications: vulnerable areas, areas with first autochthonous VL in humans, areas of 
sporadic transmission, areas of moderate to intense transmission (Brasil, 2006). 
Vulnerable areas are municipalities close to sites with cases of VL already 
confirmed in humans and canines, or the ones that are part of the same road flow and 
municipalities with intense migratory flow. In this area the entomological survey must be 
done, searching for the true vector (Lu. Longipalpis). If it is not found, the survey should be 
redone with an interval of no more than two years. If the vector is found the measures to 
be taken are: use of insecticides at sites with an initial radius of 500 m2 in urban areas, 
and 1000 m2 in rural areas (Brasil, 2007), canine population survey, search for stray dogs 
and environmental sanitation (Brasil, 2006). Insecticides are applied using local fumigation 
using residual-acting insecticides (Who, 2010). 
In areas with a record of the first autochthonous case of human VL, the active 
search for suspected human cases, alert and applications of prevention and control 
measures to the human population and the entomological search of the vector should be 
made from the place of encounter of the human case. If the presence of the vector is 
verified, the chemical control with insecticides must be carried out at the transmission site 
and two new spray cycles should be programmed (the first cycle in the period of vector 
increase and the second three to four months after the first cycle) . If there is no vector, 
searches must be carried out every month until find it. Regarding the canine reservoir, the 
active search of dogs with clinical suspicion should be performed, an annual census 
survey at the transmission site and control of stray dogs performing serology of the same. 
In this case the seroreagent dogs must be euthanized and the negative ones monitored 
(Brasil, 2014a). 
In areas with sporadic transmission of human VL, an entomological survey and 
verification of the presence of sand flies should be carried out, notification and 
investigation of human cases, follow-up of treatment and diagnosis of patients. For the 
dogs must be made the active search of animals with clinical suspicion, census survey 
performing serology, as previously mentioned, besides the control of the wandering 
population (Brasil, 2014a). 
In areas with moderate to severe transmission of human VL, the diagnosis and 
treatment of infected humans should be investigated and accompanied by an 
entomological survey with indication of chemical control at the site of transmission. 
Regarding canine reservoirs, in areas with confirmed human cases, an annual census 
survey and serology of dogs should be carried out at the site of transmission. When in 
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non-human cases, the canine survey will be annual with serological tests, and when the 
prevalence of canine VL is greater than 2% positive animals should be euthanized and the 
negative ones monitored. When the prevalence is less than 2%, the annual census survey 
should be done with serological examination and euthanasia of the positive ones besides 
surveillance for new cases of canine VL (Brasil, 2014a). 
In Brazil, the canine VL vaccine is available commercially, but it was not approved 
in the test phase III and its commercialization was suspended in 2014 (Brasil, 2014b). The 
test phase III for canine VL vaccine is based on the ability to stimulate immune responses 
in the dog, in estimating vaccine potency and carrier status; in testing doses, various 
schedules and different adjuvants; be safe for man against existing biological vectors; to 
allow the identification of immunological markers that allow the distinction between 
vaccinated and infected dogs with the monitoring of signs and clinical parameters vital to 
animal health, among other special features that may influence the vaccine response. At 
the end, the vaccine should have a minimum vaccination efficacy of 85%, being suitable 





The diagnosis of VL is based on clinical signs, parasitological, serological and 
molecular tests (Bañuls; Hide; Prugnolle, 2007). 
The parasitological tests detect the parasite in direct examination (imprint), culture 
or inoculation in laboratory animals. In order to perform the parasitological examinations, 
materials such as leukocyte layer, biopsy or aspiration puncture of spleen, bone marrow, 
lymph node or liver (Peters, Killick-Kendrick, 1987) can be collected. Parasitological 
methods have high specificity (100%), but the sensitivity may vary according to the 
diagnostic method, material used, and trained professional (Sundar; Rai, 2002). 
When visualization of the parasite is performed on a slide with the collected 
material (blood smear or biopsy imprint), it should be stained for visualization of the 
amastigote forms on a 100X objective lens. The dyes used are: Leishman, May-Grumald, 
Giemsa and Fast Pancho (Who, 2010). The direct smear is the simplest method, followed 
by printing on slides that can generate false negative results when the correct reading and 
processing of the material is not performed (Davies et al., 2000; Calvopina; Armijos; 
Hashiguchi 2004; Azevedo et al., 2011). This methodology is fast and inexpensive, but it 
has disadvantages such as being an invasive method to the patient because it requires a 
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biopsy to collect the material, the need og trained professionals and the impossibility to 
differentiate the species of Leishmania in the material (Akhoundi et al., 2017). 
When the parasite isolation procedure is performed, the collected material is 
placed in culture medium for amastigote forms transformation into promastigotes. The 
culture media used may be monophasic or biphasic. The single-phase media available 
are: Schneider's, Grace's, Mitsuhashis-Manamosch's, LIBHIT-5, M199 and RPMI. The 
biphasic media are composed of agar, nutrient and rabbit blood, with Neal, Novy and 
Nicole (NNN) and Brain Heart Infusion (BHI) media being used more frequently, together 
adding a liquid medium that can be a physiological solution (NaCl 0.9%), BHI broth or 
Liver Infusion Triptose (LIT) (Rioux et al., 1986). The isolation of the parasite is a laborious 
method, which can take from 4 to 6 weeks to obtain the diagnosis, aseptic collection to 
reduce the contamination of the culture medium and equipment to perform the procedure 
(Calvopina; Armijos; Hashiguchi, 2004). The advantage of this method is that after 
isolation, identification and characterization of the parasite is possible using molecular 
techniques such as PCR, Multilocus Enzymatic (MLEE) or Multilocus microsatellite typing 
(MLMT) (Lanotte et al., 1981; Rioux et al. 1990; Bañuls, Hide, Prugnolle, 2007). 
Serological tests evaluate the specific humoral response (Herwaldt, 1999). At the 
beginning of the infection, immunoglobulin M (IgM) should be investigated, while 
immunoglobulin G (IgG) should be investigated in the late phase or in cases of 
asymptomatic dogs. At the beginning of the infection, the production of IgG antibodies is 
low, tending to increase titration over time (Oliva et al., 2006). The most used tests are: 
indirect immunofluorescence reaction (IFAT), enzyme-linked immunosorbent assay 
(ELISA) and lateral flow tests (Gontijo; Melo, 2004; Grimaldi et al., 2012). 
The IFAT is a sensitive test, however, it may present a cross-reaction with other 
trypanosomatids, reducing its specificity. This test requires a trained professional to 
interpret the result avoinding false-positive results. To perform this test it is used whole 
promastigote forms of the parasite (Peters; Killick-Kendrick, 1987). 
The ELISA test has a high degree of sensitivity, mainly in asymptomatic hosts, and 
it is used for screening in seroepidemiological surveys at low cost and practicality (Who, 
2003). This test is used primarily in population surveys and detects low antibody titers. The 
antigens are composed by promastigotes forms of L. (L.) infantum, which undergo rupture 
procedure, being called total antigens or crude antigens (Sundar; Rai, 2002; Mazieiro et 
al., 2014). 
Side flow tests are indicated to be use in the field because of their practicality and 
ease of accomplishment. The main tests are based on the recombinant protein rk39 and 
rk26 (Gontijo, Melo, 2004, Brazil, 2006; Grimaldi et al., 2012). In Brazil, rk39 is the most 
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commonly used recombinant antigen, being specific for the L. donovani complex (Reed et 
al., 1990). In asymptomatic dogs of endemic area, these tests may present 96% sensitivity 
and 47% specificity. In the case of symptomatic dogs for VL the sensitivity is 98% 
(Grimaldi et al., 2012). In Brazil the TR DPP® test (Biomanguinhos) is available for dogs, 
in which peripheral blood can be used for analysis, with results in 15 minutes (Bio-
Manguinhos, 2014).
According to the Ministry of Health (Brazil, 2014a), the diagnosis of VL in humans 
should be performed with the IT-LEISH® immunochromatographic rapid test.
For the diagnosis of canine VL, Joint Technical Note nº 01/2011-CGDT-
CGLAB/DEVIT/SVS/MS was implemented, which provides for the application of the TR 
DPP® test (Biomanguinhos) in screening diagnosis, and ELISA cases of confirmatory 
diagnosis (Brasil, 2011b).
2.8 MOLECULAR TOOLS FOR DIAGNOSIS AND EPIDEMIOLOGICAL STUDY OF
(Leishmania)
Leishmania species differentiation is considered a prerequisite for the correct 
diagnosis and treatment of the disease, as well as the implementation of control measures 
for VL (Akhoundi et al., 2017). PCR with DNA fragments evaluation has become an 
effective way for diagnosing VL from the 1990s (Smyth et al., 1992). With the beginning of 
the standardization of molecular techniques, it was used in the identification, classification 
and study of intra- or interspecific genetic variability of Leishmania complexes, resulting in 
an increase in the number of species described (Bañuls; Hide; Prugnolle, 2007).
According to the World Health Organization, accurate taxonomic knowledge is 
fundamental in practice when facts related to parasite and disease are characterized and 
classified (Who, 1984; Schonian et al., 2010).
Several DNA targets have been amplified for Leishmania such as: mini-circle of 
kDNA, rRNA, mini-exon and repeated genomic sequences (Arransay; Scoulica; Tselentis, 
2000). Akhoundi and collaborators (2017) performed a survey showing that most of the 
studies used markers such as 18S, mini-exon and transcribed internal spaces (ITS); genes 
of proteins such as Hsp70, Hsp23, Hsp20, G6PDH and gp63 and kDNA with cytochrome 
B (cytB).
The 18S target is present in the small subunit (SSU) region of the rRNA and is a 
conserved region being a suitable marker for studies of reconstruction of phylogenetic 
relationships (Akhoundi et al., 2017).
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The mini-exon gene is present in the order Kinetoplastidae, being composed of 39 
highly conserved nucleotides, added to the 5'-end of nuclear mRNA (Marfut et al., 2003). 
This gene is able to differentiate Leishmania species from the New World, Leishmania and 
L. chagasi demotropic species with fragments sizes of 250, 350 and 400 bp respectively 
(Degrave et al., 1994; Fernandes et al., 1994). In a study evaluating phlebotomine infected 
with L. (L.) infantum the kDNA and mini-exon gene showed good markers, detecting 1 fg 
and 100 pg of DNA respectively. The mini-exon gene is useful in the rapid identification of 
Leishmania, since it requires a single primer to detect all species (Fernandes et al., 1994). 
The ITS marker is between the 18S rRNA and 5.8S rRNA regions, which 
comprises a conserved region not decoded in DNA from 50 to 350 bp (Schonian et al., 
2003). This marker has been used for diagnosis and identification of Leishmania species 
worldwide because of its high sensitivity and specificity (Schonian et al., 2003; 2011). 
According to Cupolillo et al. (1995) when using the ITS 1 and 2 markers, it is possible to 
differentiate the species from the subgenus Viannia, since these markers differ intra and 
interspecifically. However, Sampaio (2016) showed no intraspecific variability with the use 
of this marker and its use is not indicated for variability or phylogeography studies in the 
New World. The use of ITS as a marker followed by the restriction fragment length 
polymorphism (RFLP) technique has been widely used, since it could differentiate 
Leishmania species using the restriction enzyme HaeIII (Schannel et al., 2003; Rotureau 
et al., 2006). 
The maxi-circle consists of DNA of Trypanosomatidae that codify mitochondrial 
protein genes and rRNA in conserved region and non-transcribed variable region (VR). 
The differences between the species of Leishmania are present in a large part of the VR, 
ranging from cytochrome oxidase I (highly conserved) to cytochrome oxidase III (less 
conserved) (Akhoundi et al., 2017). The cytochrome oxidase II gene (COII) has been used 
for Leishmania phylogeny studies, mainly of the L. donovani complex (Ibrahim; Barker, 
2001; Cao et al., 2011). 
The minicells that encode RNA are heterogeneous and are present in 95% of the 
kDNA (Cruz et al., 2005) being widely used as primers for PCR. The mini-circle of kDNA 
has a variable region that assists in the differentiation of Leishmania species (Lidiane, 
2011). 
The Hsp70 thermal shock protein gene has been used to discriminate New World 
Leishmania (Montalvo et al., 2012) by PCR followed by the use of RFLP (Garcia et al., 
2004), as well as phylogenetic and taxonomic studies of the species (Akhoundi et al., 
2017). Fraga et al. (2010) described a low differentiation of the Leishmania species of the 
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Viannia complex. The authors justify the low interspecific variability due to the occurrence 
of low ancestral gene flow in the geographic region studied. 
The surface glycoprotein gp63 acts on the binding of Leishmania to the 
macrophage at the time of infection. In addition, Leishmania spp. is an important marker 
for the identification of Leishmania species, since it differs in terms of virulence factor 
among the species (Victoir et al., 1998; Mauricio et al., 1999; Guerbouj et al., 2001; 2001; 
2007; Akhoundi et al., 2017). 
The enzyme glucose-6-phosphate dehydrogenase (G6PD) is used for the 
identification of New and Old World Leishmania species by MLEE and Multilocus 
Sequence typing (MLST) techniques (Zemanova et al., 2007; Boite et al., 2012). 
In addition to identifying the species, the study of genetic diversity has been 
extensively explored by MLEE and PCR techniques and their variants, among which are: 
RAPD, PCR-RFLP and MLMT (Ochsenreither et al., 2006; Silva et al., 2010). The MLST, 
MLMT and PCR-RFLP techniques are effective to examine intraspecific variation within 
the phylogenetic complexes of species (Akhoundi et al., 2016). 
MLEE is the gold standard method, according to WHO, for identification and 
consequent classification of Leishmania isolates. After identification, the isoenzyme panel 
allows to group the isolates by zymodemas that have identical enzymatic patterns 
(Godfrey et al., 1976). This method is based on the mobility pattern of 15 isoenzymes 
(Rioux et al., 1990), in an electric field, thus verifying the difference in level of DNA 
sequences encoding the same (Hunter; Marketer, 1957; Murphy et al., 1990). When the 
band patterns of individuals differentiate, there may be a difference in the genetic basis 
(Murphy et al., 1990). However, the disadvantages of this method include the high cost 
and the fact that it is laborious (Rioux et al., 1990). The first study with isoenzymes for L. 
(L.) infantum was conducted in 1974 (Gardener et al., 1974). The use of isoenzymes in the 
Leishmania taxonomy allowed the discovery of different degrees of genetic diversity 
among the different species within the same complex (Kreutzer & Christensen, 1980; 
Grimaldi et al., 1991; Thomaz-Soccol et al., 1993; Tibayrenc et al., 1993). 
The MLST method is based on the principles of MLEE. However, it is faster and 
easier to identify alleles at each locus of the DNA sequence (Enright; Spratt, 1999). 
Molecular methods such as PCR-RFLP, RAPD and sequence-confirmed amplified 
region analysis (SCAR) are fast and simple methodologies widely used to verify the 
genetic diversity of L. (L.) infatum (Cuervo et al., 2004; Oliveira et al., 2004; Martin-
Sanchez et al., 2004; de Castro et al., 2005; Bañuls, Hide, Prugnolle, 2007). 
For the RAPD method prior knowledge of the DNA sequence is not required 
(Welsh; McClelland, 1990; Williams et al., 1990). This method identifies polymorphisms in 
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PCR amplified DNA fragments differentiating Leishmania isolates at the intra-species level 
(Hide; Bañuls; Tibayrenc, 2001; Zemanova et al., 2004). However, the electrophoresis 
bands are not homologous, and the technique is not reproducible (Bañuls; Hide; Prugnolle, 
2007). In addition, the RAPD has markers that do not differentiate homozygous organisms 
from heterozygotes in a population study, since they are dominant markers (Wright, 1951; 
Weir; Cockerham, 1984; Meyer; Balloux, 2004; Bañuls; Hide; Prugnolle 2007; Tibayrenc, 
2007). 
Another accessible form of genotyping of Leishmania species is the use of single 
nucleotide polymorphisms (SNPs). These are genetic markers that can be used to 
evaluate the evolutionary history of populations (Brumfield et al., 2003), checking the rate 
of recombination, mapping and association of genomes (Bañuls; Hide; Prugnolle, 2007). 
The RFLP method detects the variation between the patterns of DNA fragments 
produced by the digestion of DNA amplified with restriction enzymes. For the 
differentiation of Leishmania species this methodology is used with the ITS, Hsp70 and 
mini-exon markers (Minodier et al., 1997; Marfurt et al., 2003; Schonian et al., 2003; 
Montalvo et al., 2008; Akhoundi et al., 2013; Akhoundi et al., 2017). 
Microsatellites are small (2 to 6 bp) sequences repeated in tandem and randomly 
distributed in the genome of eukaryotic cells. They are known as Short Tandem Repeats 
(STR) Variable Number of Tandem Repeats (VNTR) polymorphisms. Microsatellites are 
an important tool in genetic studies involving the differentiation of species from different 
pathogens (Tóth; Gaspari; Jurka, 2000). These genetic markers are used for genome 
mapping, genetic linkage analysis and population study (Tautz, 1989; Weber, 1990; 
Weissenback, 1993). 
Microsatellite studies were implemented in the search for a marker able to show 
differences between populations of Leishmania. Microsatellite analysis allows 
differentiation of L. (L.) infantum isolates from different sites, such as region, country or 
continent, providing relevant information on the epidemiology and characterization of the 
agent in different geographic areas (Schwenkenbecher et al., 2006; Montoya et al., 2007; 
Al-Jawabreh et al., 2008; Alam et al., 2009; Oddone et al., 2009; Mahnaz et al., 2011; 
Downing et al., 2012; Gouzelou et al., 2012; Aluru et al., 2015). 
The first microsatellite study to differentiate populations of L. (L.) infantum and L. 
donovani was performed by Rossi et al. (1994). From then on, several markers have been 
designed and evaluated. The first study with microsatellite designs based on the 
Leishmania DNA sequence was done by Jamjoom and collaborators in 2002. In the last 
two decades, several studies with markers were performed (Table 1) and the markers that 
obtained the best results and applicability were: LIST7031, LIST7039 (Jamjoom et al., 
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2002), Lm2TG, TubCA, Lm4TA, Li41-56, Li46-67, Li22-35, Li23-41, Li45-24, Li71-33, Li71-
5/2, Li71-7 (Ochsenreither et al., 2006) and CS20 (Kuhls et al., 2007). 
Kuhls et al. (2007) identified six populations of L. (L.) infantum with a high degree 
of genetic isolation with the microsatellite panel. The genetic differentiation observed 
between populations of the Mediterranean and New World regions suggested the 
existence of two species (L. donovani and L. infantum) previously defined by other intrinsic 
characters (Rioux et al., 1990; Ashford, 2000; Jamjoom et al. 2002; Kuhls et al., 2007). In 
another study, Kulhs et al. (2008) analyzed isolates of zymodeme MON-1 with 
microsatellites, being able to identify important facts of the epidemiology of L. (L.) infantum 
whose isolates were grouped into a single zymodeme (MON-1). 
Thus, the microsatellite markers are applicable to the phytogeography of L. (L.) 
infantum, since it comprises a tool with hypervariable, genetically neutral and co-dominant 
markers being ideal for fine-scale analysis of recent genetic alterations (Kuhls et al. al., 
2007). 
Studies with microsatellites in populations of L. (L.) infantum have been used also 
in the New World. Ferreira and collaborators (2012) analyzed isolates of L. (L.) infantum 
from Brazil with 14 markers and the results corroborate with the hypothesis described by 
Antonialli et al. (2007) that the recent VL epidemic observed in the states of Mato Grosso 
do Sul and São Paulo was disseminated due to the construction of the Bolivia-Brazil gas 
pipeline with the arrival of workers and their dogs from Bolivia to Mato Grosso do Sul and 
later São Paulo and Minas Gerais states (Motoie et al., 2013). 
Microsatellites were also used in the differentiation of L. (L.) chagasi and L. (L.) 
infantum isolates from different regions of the world. The results obtained suggest that L. 
(L.) chagasi is a subpopulation of L. (L.) infantum imported from southern Europe and 
introduced into the Americas by dogs, probably in the 16th century (Kuhls et al., 2011; 
Leblois et al. Aluru et al., 2011). 
Currently the migration of people or dogs with VL to endemic regions with the 
presence of sand flies is characterized as an important risk factor for the dispersal of L. 
(L.) infantum (Who, 2012). Marker studies that are capable of understanding the 







Table 1:  List of works with microsatellite markers according to the analyzed material (isolated from L. (L.) 
infantum or strain bank) and parents of origin. 
Year Usats Isolates 
or strain 
Country Reference 
2002 LIST7021, LIST7022, LIST7023, 
LIST7024, LIST7025, LIST7026, 
LIST7027, LIST7028, LIST7029, 
LIST7030, LIST7031, LIST7032, 
LIST7033, LIST7034, LIST7035, 
LIST7036, LIST7037, LIST7038, 
LIST7039, LIST7040 
Strain Sudan, Spain. Brazil, Iran, 
Ethiopia, UK and Bangladesh 
Jamjoom et al., 
2002 
2006 Li22-35, Li23-41, Li41-56, Li45-24, Li 
46-67, Li71-5/2, Li71-7, Li71-33, 
Lm2TG, Lm4TA, TubCA, Li21-34, 
Li71-19, Li71-42, Li72-14, Li72-17/2, 
Li72-20 
Strain Tunisia. France, Spain, 
Portugal, Greece, China. 
Turkey, Israel, Panama, Brazil, 
Costa Rica, Italy, Malta, 
Sudan, India, Ethiopia 
Ochsenreither 
et al., 2006 
2007 Lm2TG, Li41-56, Li46-67, Li22-35, 
Li23-41, Li45-24, Li71-33, Li71-5/2, 
Li71-7, TubCA, Lm4TA, CS19, CS20, 
LIST7031, LIST7039 
Strain East Africa, India, 
Mediterranean 
Region 
Kuhls et al., 
2007 
2008 Lm2TG, Li41-56, Li46-67, Li22-35, 
Li23-41, Li45-24, Li71-33, Li71-5/2, 
Li71-7, TubCA, Lm4TA, CS20, 
LIST7031, LIST7039 
Strain Spain, Portugal, France. Italy, 
Malta, Greece, Turkey, Israel, 
Tunisia 
Kuhls et al., 
2008 
2008 Lm2TG, TubCA, Lm4TA, Li 41-56, Li 
46-67, Li 22-35, Li 23-41, Li 45-24, Li 
71-33, Li 71-5/2, Li 71-7, LIST7031 
Strain Tunisia, Algeria, France, 
Spain, Portugal 
Seridi et al., 
2008 
2009 Lm2TG, Li41-56, Li46-67, Li22-35, 
Li23-41, Li45-24, Li71-33, Li71-5/2, 
Li71-7, TubCA, Lm4TA, CS20, 
LIST7031, LIST7039 
Strain Tunisia, France, Germany, 
Spain, Algeria, Turkey 
Chargui et al., 
2009 
2011 Lm2TG, Li41-56, Li46-67, Li22-35, 
Li23-41, Li45-24, Li71-33, Li71-5/2, 
Li71-7, TubCA, Lm4TA, CS20, 
LIST7031, LIST7039 
Strain Costa Rica, Panama, 
Honduras, Venezuela, 
Colombia, Paraguay, Brazil. 
Spain, Portugal, France, Italy, 
Greece, Turkey, Malta, 
Tunisia, Algeria, Israel, 
Palestine, Uzbekistan, China, 
Sudan, Ethiopia, Kenya, India 
Kuhls et al., 
2011 
2011 Lm2TG, Li41-56, Li46-67, Li22-35, 
Li23-41, Li45-24, Li71-33, Li71-5/2, 
Li71-7, TubCA, Lm4TA, CS20, 
LIST7031, LIST7039 
Strain Europe, Africa , Asia, 
Honduras, Panama, Costa 
Rica, Colombia, Venezuela, 
Paraguay and Brazil 
Leblois et al., 
2011 
2012 Li22-35, Li23-41, Li45-24, Li71-33, 
Lm2TG, Lm4TA, TubCA. 
Isolates Brazil Batista et al., 
2012 
2012 Lm2TG, Lm4TA, Li 41–56, Li 46–67, 
Li 22–35, Li 23–41, Li 45–24, Li 71–
33, Li 71–5/2, Li 71–7, LIST7031, 
LIST7039, TubCA, CS20. 
Strain Brazil Ferreira et al., 
2012 
2012 Li22-35, Li23-41, Li45-24, Li71-33, 
Lm2TG, Lm4TA and TubCA 
Isolates Brazil Segato et al., 
2012 
2013 Li71-5/2, Li72-14, List7023, List7040, 
List7029, Li71-19, List7039, Li71-33, 
List7022, List7028, Li71-7, List7030, 
ISA136, Li45-24, ST436, Lm4TA 
Isolates Brazil Motoie et al., 
2013 
2014 Lm2TG, Lm4TA, Li 41–56, Li 46–67, 
Li 22–35, Li 23–41, Li 45–24, Li 71–
33, Li 71–5/2, Li 71–7, LIST7031, 
LIST7039, TubCA, CS20 
Isolates Portugal Cortes et al., 
2014 
2014 Li22-35, Li41-56, Li46-67, Li71-7, 
Li71-33 




2015 Li22-35, Li45-24, Li71-5/2, Li72-20, 
LiBTA, LiBTG, List7021, List7024, 
List7025, List7026, List7028, List7031, 
List7033, List7035, List7037, List7038, 
List7039, Rossi1, Rossi2, TubCA 
Isolates Spain Tomás-Perez 
et al., 2015 
2016 LiBTG, LiBTA, LIST7021, LIST7025, 
LIST7026, LIST7031, LIST7033, Li22-
25, Li45-24, TubCA, Li71-5/2, Rossi2 
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Leishmaniasis is a zoonosis caused by the protozoan parasite Leishmania Ross, 1903, of 
which there 22 species are present in the New World Region. There are several ways of 
identifying species of Leishmania, and in nowdays several molecular tools are used 
preferentially. Among thenhighlighting is give to the internal transcribed spacer 1 (ITS1). 
For this reason, we used this marker to identify Leishmania isolates obtained from dogs in 
the western region of Parana and compared the results with to isolates from Brazil, 
European and African countries. To complete the analysis the results of our isoltes were 
compared to sequences of Leishmania species deposited on GenBank for this marker. All 
isolates of the parasites obtained were grouped into the L. donovani complex. The use of 
the sequence of this marker didn´t allow the separation of the Leishmania phylogenetic 
complexs previously described. The genetic distances and Neighboor Joining analyses 
support that the ITS 1 is an effective marker to assing New World Leishmania parasites to 
species groups, but it´s of limited utility most species. 





Leishmaniases are zoonosis caused by the protozoan parasite Leishmania Ross, 
1903. The disease is present in 98 countries in the tropical, subtropical and Mediterranean 
regions, with 350 million people at risk and 12 million cases of infection [1,2]. There are 
two principal clinical manifestation forms: cutaneous (CL) and visceral leishmaniasis (VL) 
[1,3]. Both forms are present in 12 countries of the Americas, with 70% of CL cases and 
96% of VL reported in Brazil [4]. 
Specifically, the extreme west of Paraná state, Brazil, was considered free of VL 
until 2012, when the first case of autochthonous canine VL was reported [5-10], followed 
by the first human VL case in 2015 [7-10]. The clinical cases were initially attributed to 
Leishmania infantum, but more recently another species L. braziliensis was recorded by 
Thomaz-Soccol et al. [11].  
 The parasite taxonomic caracterization is important to understand the clinical 
manifestations of the disease and to make a correct diagnosis and prognosis, aiding in the 
treatment and control of the disease [12]. According to Lainson and Shaw [13] and 
Lainson [14], there are about 22 species of Leishmania in the New World, distributed in 
two subgenera: Leishmania and Viannia. Among them, Leishmania amazonensis, L. 
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mexicana, L. braziliensis, L. peruviana, L. guyanensis, L. panamensis, L. lainsoni, L. naiffi, 
L. shawi, L. colombiensis and L. lindenbergi cause CL, while L. (L.) infantum cause VL.  
Initially, these parasites were identified using the symptoms and the geographic 
area of the transmition. However, symptoms can vary among individuals and can be 
confused with symptoms caused by other etiological agents. Furthermore, the geographic 
area cannot be used reliably for species identification, since more than one species may 
occur at an area, and Leishmania parasites are easily transported, even transcontinentally, 
by their reservoirs and vectors. The morphological identification of Leishmania species is 
problematic since species are externally similar [15]. To aid in species identifications, 
genetic tools have been developed. In the beginning of 90s Thomaz-Soccol et al. [16] 
using such as Multi-Locus Enzyme Electrophoresis (MLEE) protocol propose a new 
taxonomy to Leishmania species, confirming the two subgenera and separing in 
phylogenetic complexes. Even though it is considered a reliable identification tool, this 
technic is slow, expensive and laborious [17,18,12]. More recently, other methods based 
on Polymerase Chain Reaction (PCR) and its variants, as such PCR-RAPD, PCR-RFLP, 
PCR followed by sequencing and microsatellites have been proposed [19-21]. Specifically, 
the rRNA has been described as the Trypanosomatidae barcode [22], and the internal 
transcribed spacer 1 (ITS1) region is one of the most used fragments to identify species of 
Leishmania [23-29]. However, to our knowledge, there has been no comprehensive study 
assessing the genetic differentiation among Leishmania species using large data sets from 
different geographic areas, to test the effectiveness of the ITS1 for species identifications. 
The use of these molecular tools is important to understand the CL and VL epidemiological 
scenario, because it permits discriminate the entry of different species and verify their 
sympatric distribution and disease propagation through vectors and reservoirs. 
This paper aimed to isolate and identify Leishmania species that have caused 
canine leishmaniasis in the extreme west of the Paraná State (Brazil). For this, we 
sampled dogs with leishmaniasis from the extreme west of Paraná state (Brazil), to identify 
which Leishmania species are present in this region. The discriminatory power of the ITS 
marker was then evaluated through sequences deposited in the GenBank. 
 
3.3 MATERIAL AND METHODS 
 
3.3.1 Leishmania specimens isolation and identification  
 
The project was submitted and approved by the Ethics Committee of the Federal 
University of Parana (protocol no. 044/2014).  
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To prospect the species of Leishmania, dogs with clinical signs of leishmaniasis 
(onychogrifose, lymphadenomegaly, weight loss) from Foz do Iguaçu and Santa Terezinha 
de Itaipu were sampled between 2013 and 2016. Bone marrow, lymph nodes aspirates 
and leukocyte layer were collected from positive dogs in serological tests. To isolate the 
parasite the material was inoculated in Neal, Novy and Nicole (NNN) culture medium with 
saline solution 0.9% for one week at 24ºC. After isolation, the parasites are cultured in 
Brain Heart Infusion (BHI) with saline solution 0.9% at 24ºC. 
Additionally, L. (L.) infantum coming from the collection of the Molecular Biology 
Laboratory, Department of Engineering of Bioprocesses and Biotechnology, Federal 
University of Parana, previously identified by RAPD-PCR and K26F/R primers [30], and 
isolates from the European and African continent gently donated by the researcher Jean 
Pierre Dedet in the Centre de Ressources Biologiques des Leishmania (CRB du CHU de 
Montpellier, France) were included in the analyses.  
The promastigote forms were cultivated in BHI with saline solution 0.9% at 24ºC 
until reach 107 parasites/ mL [30]. The parasites were harvested by centrifugation and 
washed first with saline solution 0.9%, followed by a washed with 0.3% saline solution and 
finally with 0.9%. In each step the parasites were recovered by centrifugation at 5,000g for 
10 min at 4o.C. DNA extraction was performed by phenol/chloroform/isoamyl alcohol 
method [31-33]. 
 
3.3.2 Genetic Analyses 
 
The 350 pb sequence of the ITS1 fragment were amplified using the primers LITSR 
and L5.8S [15]. The 24 μL PCR amplifications contained 1.4 mM MgCl2, 1 μg BSA, 0.2 
mM dNTP, 0.1 pmol each primer, 0.9 UI of Taq polymerase (Invitrogen®, USA) and 10 ng 
DNA. The PCR conditions started with initial denaturation at 94ºC for 4 min, followed by 40 
cycles with a denaturation step at 94ºC for 30 s, annealing at 55ºC for 30 s and extension 
at 72ºC for 1 min, and a final extension cycle at 72ºC for 10 min. The cycle procedure was 
performed in a thermocycler Biocycler, MJ96 (Biosystems®). DNA of L. infantum reference 
strain was used as positive control, and water as the negative control in each reaction.  
The products of the PCR amplification were subjected to electrophoresis in 1.5% agarose 
gel to confirm the amplification and visualized after ethidium bromide and staining 
visualized under UV light. The positive amplifications were purified through precipitation 
with ammonia acetate and absolute ethanol [33]. The PCR purified product was amplified 
with marked dNTP and precipitate with ammonium acetate and ethanol PA. The 
sequencing was performed in 3.500 XL Genetic Analyzer (Applied Biosystems). 
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All DNA samples sequenced were aligned using MAFFT 7.0 [34] in the Guidance 
web server and Geneious 4.0.4 software [35-37]. The final alignment was composed of 
320 bp sequences, including the indel mutations.  
A tree was constructed using all the GenBank sequences in MEGA 7.0 [38], using 
the Neighbor-Joining (NJ) algorithm. The NJ algorithm has been the DNA Barcode 
identification method of choice, since it is able to discriminate among large numbers of 
specimens more quickly than other algorithms [39]. The substitution model (TrN – [40], 
with gamma rate variation) was defined by the software jModeltest 2.1.10 [41], and the 
robustness of the NJ tree was assessed using 1,000 bootstrap replicates. 
 
3.4 RESULTS AND DISCUSSION 
 
3.4.1 Leishmania specimens isolation and identification  
 
A total of 98 Leishmania isolates were obtained from lymph nodes, bone marrow 
and leukocyte layer puncture. From these isolates 96 dog’s samples were from Foz do 
Iguaçu and two samples from Santa Terezinha do Itaipu.  
All isolates were positives for Leishmania in PCR using ITS (Fig. 2). After 
sequencing, the fragments showed 100% of similarity with L. infantum sequences 











Figure 2: a) Example of amplified PCR product using ITS1. b) Example of alignment performed using 
Genious basic 4.0.4 software. 
 
In the second step we compared the 98 strains with others isolates coming from 






Table 2: Number of strains isolates in infected dogs with Leishmania and strains coming from another region 
City/State/Country N 
Foz do Iguaçu/Paraná/Brazil 96 
Santa Terezinha de Itaipu/Paraná/Brazil 2 
Maringá/Paraná/Brazil 1 
São Paulo/Brazil 3 
Sergipe/Brazil 1 
Minas Gerais/Brazil 4 
Mato Grosso/Brazil 1 
Ceará/Brazil 1 








In addition, after amplification by PCR and sequencing, our isolates were compared 
with sequences deposed on GenBank. A total of 486 ITS1 sequences were obtained 
(Table 3). ITS1 sequences of L. aristidesi, L. enriettii, L. forattinii, L. hertigi, L. deanei, L. 
colombiensis, L. garnhami, L. pifanoi, L. equatorensis are not present in that database. 
These are the Neotropical species of Leishmania according to Lainson [14].  
Moreover, considering the similarity between L. (L.) infantum chagasi, L. (L.) 
infantum and L. donovani in the L. donovani complex [18,14], 188 sequences of L. (L.) 













Table 3: Principal species and number of sequences from GenBank. 
Species Number of sequences 
L. amazonensis 25 
L. braziliensis 38 
L. guyanensis 20 
L. (L.) infantum chagasi 29 
L. lainsoni 4 
L. Lindenberg 1 
L. Mexicana 26 
L. naiffi 4 
L. panamensis 10 
L. peruviana 5 
L. shawi 1 
L. utingensis 1 
L. venezuelensis 1 
L. (L.) infantum  188 
L. donovani 133 
 
The average genetic distance within American Leishmania species (only species 
with more than 10 sequences in the Genbank) ranged between 0.000 ± 0.000 (L. infantum 
chagasi) and 0.010 ± 0.003 (L. amazonensis). The average genetic distance between 
species ranged between 0.001 ± 0.001 (between L. guyanensis and L. panamensis) and 
0.233 ± 0.039 (between L. guyanensis and L. amazonensis). The genetic distances 
separated species into three groups, with low genetic distance between the species within 
these groups (lower than 0.020). But, large genetic differentiation between species from 
different groups (values between 0.107 ± 0.022 – L. mexicana x L. donovani, and 0.233 ± 
0.039 - L. guyanensis and L. amazonensis). The three groups were here named as 
follows:  L. donovani cluster (L. donovani, L. (L.) infantum and L. (L.) infantum chagasi), L. 
mexicana cluster (L. mexicana and L. amazonensis), and Viannia cluster (L. braziliensis, 
L. panamensis and L. guyanensis).  
In NJ tree were included the 98 sequences isolated from L. (L.) infantum of Foz do 
Iguaçu (96) and Santa Terezinha do Itaipu (02), Paraná. All sequences were grouped in 
the L. donovani cluster among L. (L.) infantum, L. infanum chagasi and L. donovani (Fig. 
3). The identification of our isolates supported that L. (L.) infantum is the principal species 
of Leishmania circulating in western region of Paraná. Our work corroborates the results of 
Thomaz-Soccol et al. [11] that supported the cVL prevalance in Foz do Iguaçu and its 
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dispersion to the neighbor county Santa Terezinha de Itaipu. These results indicate that 
this region is endemic for VL.  
The NJ tree and the genetic distances between the American species of 
Leishmania using ITS1 sequences from Genbank supported three groups of species. The 
first one, the L. mexicana cluster, is composed of L. mexicana and L. amazonensis, with 
each of the two species on a unique and exclusive branch, and high bootstrap support 
(higher than 0.8). The second group includes the species of the subgenus Viannia: L. 
braziliensis, L. guyanensis, L. lainsoni, L. lindenberg, L. naiffi, L. panamensis, L. 
peruviana, L. shawi and L. utingensis. The third one, the L. donovani cluster, includes L. 
(L.) infantum, L. (L.) infantum chagasi and L. donovani.  
 
Figure 3: Synthetized Neighbor-joining tree with Leishmania target isolates. Only a subset of the individuals 
of each species and the target parasites from dogs and Phlebotominae are shown. 
The rRNA has been described as the Trypanosomatidae barcode, our results 
support that ITS1 sequences are only effective to assign Leishmania parasites to species 
groups, being less suitable for species identifications. This may be due to the fact that 
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ITS1 is conserved at the level of species with low mutation rates, and/or that species 
definitions/limitations need to be reviewed. These facts represent a great problem in the 
definition of species in parasites with clonal reproduction. Schonian et al. [15], developed a 
method to identify Leishmania species using PCR-RFLP on ITS1 fragments in two steps. 
The authors found a genetic differentiation between Viannia subgenus (i.e. L. braziliensis, 
L. guyanensis and L. panamensis). However, in this study we evaluated ITS1 PCR 
fragments, the results showed that these species separation is not supported by the 
sequencing approach. Our results are supported by the work Marcili et al. [22], using rRNA 
and gGAPDH gene, and Harkins et al. [42], using phylogenomics, founded a similar 
topology that comprises these three groups of New World Leishmania.  
According to our results, the identification of species in the L. donovani cluster using 
ITS1 sequences is unreliable. The sequences of L. (L.) infantum, L. (L.) infantum chagasi 
and L. donovani clustered in interleaved branches with low support. The taxonomic validity 
of these species has been debated [14,15,18,43-45]. According to the phylogenetic 
concept of species (see [46] for details), L. (L.) infantum and L. (L.) infantum chagasi are 
not distinct from L. donovani and, therefore, they cannot be considered three different 
species. It is very likely that L. donovani, L. (L.) infantum and L. (L.) infantum chagasi are 
one species, provisionally referred to as the L. donovani complex, with regional genetic 
differentiation, as proposed by Lukes et al. [18].  
Differently from the other groups, the distinction between the branches of L. 
mexicana and L. amazonensis in the L. mexicana complex were well supported. This 
suggests that the ITS1 sequences are efficient for the identification of these two species. 
The validity of these species, however, when tested with other markers, has been 
questioned. For example, Fotouhi-Ardakani et al. [46] found two non-monophyletic groups 
of L. mexicana using nuclear and mitochondrial genes. Fraga et al. [45] did not find 
exclusive branches for each of these species using the conserved hsp70. Alternatively, 
they were distinguished in the results of Berzunza-Cruz et al. [47], using ITS rDNA 
sequences. The distributions of these species are discontinuous: L. mexicana is present in 
Central America, Mexico and southern USA, while L. amazonensis is present in northern 
South America, Brazil and Paraguay [14]. Although most of these studies, including our, 
have found that the branches that cluster these species are short, they are strongly 
supported, suggesting that they may represent different lineages. 
In our reconstruction, a large number of New World Leishmania species clustered in 
more than one unique and exclusive branch (i.e. L. (L.) infantum, L. (L.) infantum chagasi, 
L. donovani and L. braziliensis, L. guyanensis, L. panamensis). Since GenBank staff 
members do not confirm the identification of the specimens from which sequences are 
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submitted, it is possible that the some of the sequences deposited there and used in this 
study came from incorrectly identified specimens. This could potentially introduce error in 
the analysis, for instance sequences from one species clustering in different branches. We 
do not believe that this has been a problem in our study, since most of the GenBank 
sequences we used had been obtained from isolates of reference Leishmania species. 
Moreover, the branches in the L. donovani complex and in the Viannia group were weakly 
supported, and this result would persist even if the sources of some of these sequences 
were incorrectly identified. Furthermore, fixing occasional mistakes would not increase 
support for the branches found in our study. In conclusion, possible errors in the 
identification of specimens and sequence attribution on GenBank does not affect our 
conclusion that ITS1 sequences are of limited use in the identification of most New World 
Leishmania species.  
Concluding, the genetic distances and NJ analyses support that the ITS1 is an 
effective marker to assign Neotropical Leishmania parasites to species groups, but it is of 
limited utility to identify most species. The delimitation and identification of Leishmania 
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Table 4: GenBank accession number of the ITS1 sequences of New World Leishmania species used in this 
study. 
Species GenBank Accession Number 
L. amazonensis 
AJ000314.1, AJ000315.1, AJ000316.1, DQ182536.1, DQ300179.1, DQ300180.1, DQ300181.1, 
DQ300182.1, DQ300183.1, DQ300184.1, DQ300185.1, DQ300186.1, DQ300187.1, DQ300188.1, 
DQ300189.1, DQ300190.1, DQ300191.1, DQ300192.1, DQ300193.1, DQ300194.1, FJ753371.1, 
FJ753372.1, FJ753373.1, KF985162.2, KP274862.1 
L. braziliensis 
AJ300483.1, AJ300484.1, DQ182537.1, FJ753374.1, FJ753375.1, FJ753376.1, FJ753377.1, 
FJ753378.1, FJ753379.1, FJ753380.1, FJ753381.1, FJ753382.1, FJ753383.1, FJ753384.1, FJ753385.1, 
FN398333.1, FN398334.1, FN398335.1, FN398336.1, FN398337.1, FN398338.1, JN936955.1, 
JQ061322.1, JQ397604.1, JX448547.1, JX448548.1, JX448549.1, KF985166.2, KP274863.1, 
KU550586.1, KU550587.1, KU550588.1, KU550589.1, KU550590.1, KU550591.1, KU550592.1, 
KU550593.1, KU550594.1 
L. donovani 
AB725909.1, AJ000290.1, AJ000291.1, AJ000292.1, AJ000293.1, AJ000294.1, AJ000296.1, 
AJ000297.1, AJ249612.1, AJ249613.1, AJ249614.1, AJ249615.1, AJ249616.1, AJ249617.1, 
AJ249618.1, AJ249619.1, AJ249620.1, AJ249621.1, AJ249622.1, AJ276258.1, AJ276259.1, 
AJ276260.1, AJ634356.1, AJ634357.1, AJ634358.1, AJ634359.1, AJ634360.1, AJ634365.1, 
AJ634366.1, AJ634367.1, AJ634368.1, AJ634372.1, AJ634373.1, AJ634374.1, AJ634375.1, 
AJ634376.1, AJ634377.1, AJ634378.1, AM901447.1, AM901448.1, AM901449.1, AM901450.1, 
AM901451.1, AM901452.1, AM901453.1, EU326228.1, EU753225.1, EU753226.1, EU753227.1, 
EU753228.1, EU753229.1, EU753230.1, EU753231.1, EU753232.1, FJ753386.1, FN182206.1, 
FN182207.1, FN182208.1, FN182209.1, FN182210.1, FN398344.2, FN677363.1, FN677364.1, 
GQ367489.1, GU045589.1, GU045590.1, HM130608.1, HQ830354.1, HQ830358.1, JQ730001.1, 
JQ730002.1, KF500031.1, KF525783.3, KF543268.2, KF543269.3, KF543270.3, KF673344.1, 
KF673345.1, KF815213.1, KF815214.1, KF815215.1, KF815216.1, KJ002560.1, KJ018017.1, 
KJ465104.1, KJ465105.1, KJ465106.1, KJ465107.1, KJ465108.1, KM982538.1, KM982539.1, 
KP246847.1, KP780081.1, KP780082.1, KP780083.1, KP780084.1, KP780085.1, KP780086.1, 
KP780087.1, KP780088.1, KP780089.1, KR858307.1, KT152805.1, KT152806.1, KT152807.1, 
KT152808.1, KT152809.1, KT175573.1, KT175574.1, KT175575.1, KT273402.1, KT273403.1, 
KT273404.1, KT273405.1, KT273406.1, KT273407.1, KT273408.1, KT921417.1, KU975140.1, 
KU975141.1, KU975142.1, KU975143.1, KU975144.1, KU975145.1, KU975146.1, KU975147.1, 
KU975148.1, KU975149.1, KU975150.1, KU975151.1, KU975152.1, KU975153.1, LC086292.1 
L. guyanensis 
AJ000300.1, DQ182538.1, DQ182539.1, DQ182540.1, DQ182541.1, FJ753387.1, FJ753388.1, 
FJ753389.1, FJ753390.1, FN398329.1, FN398330.1, FN398331.1, FN398332.1, HF968630.1, 
HG512905.1, HG512915.1, HG512935.1, HG512960.1, HG512961.1, JN671917.1 
L. (L.) infantum  
AJ000288.1, AJ000289.1, AJ000295.1, AJ000303.1, AJ634339.1, AJ634340.1, AJ634341.1, 
AJ634342.1, AJ634343.1, AJ634344.1, AJ634345.1, AJ634346.1, AJ634347.1, AJ634348.1, 
AJ634349.1, AJ634350.1, AJ634351.1, AJ634352.1, AJ634353.1, AJ634354.1, AJ634355.1, 
AJ634361.1, AJ634362.1, AJ634363.1, AJ634364.1, AJ634369.1, AJ634370.1, AJ634371.1, 
EU326227.1, EU604810.1, EU810776.1, EU810777.1, FJ497004.1, FJ555210.1, FJ940891.1, 
FJ940892.1, FJ940893.1, FM164416.1, FM164417.1, FM164418.1, FM164419.1, FM164420.1, 
FN398341.2, FN398342.1, FN398343.2, GQ367486.1, GQ367487.1, GQ367488.1, GQ444144.1, 
GU045592.1, GU591397.1, HQ535858.1, HQ830353.1, JQ362410.1, JX151015.1, JX289852.1, 
JX289853.1, JX289879.1, JX289880.1, JX448535.1, JX448536.1, JX448537.1, JX448538.1, 
JX448539.1, JX448540.1, JX448541.1, JX448542.1, JX448543.1, JX448544.1, JX448545.1, 
JX448546.1, JX945644.1, JX945645.1, KC347299.1, KC347300.1, KC347301.1, KC355188.1, 
KC477100.1, KC570454.1, KC686340.1, KC686341.1, KC998879.1, KF705513.1, KF705514.1, 
KF705515.1, KF985164.1, KF985169.2, KF985170.2, KF985171.2, KJ002555.1, KJ002556.1, 
KJ002557.1, KJ002558.1, KJ364133.1, KJ417496.1, KJ567480.1, KJ567481.1, KJ567482.1, 
KJ573795.1, KM408430.1, KM677128.1, KM677129.1, KM677130.1, KM677131.1, KM677132.1, 
KM677133.1, KM677134.1, KM677135.1, KM677136.1, KM677137.1, KM677138.1, KM677139.1, 
KM677140.1, KM677141.1, KM677142.1, KM677143.1, KM677144.1, KM677145.1, KM677146.1, 
KM925005.1, KM925006.1, KM925007.1, KP274860.1, KP274861.1, KP738165.1, KP738166.1, 
KR081260.1, KR081261.1, KR081262.1, KR081263.1, KR081264.1, KR081265.1, KT003211.1, 
KT026221.1, KT153644.1, KT153645.1, KT153646.1, KT153647.1, KT153648.1, KT153649.1, 
KT966381.1, KT966382.1, KU550595.1, KU550596.1, KU550597.1, KU550598.1, KU550599.1, 
KU550600.1, KU550601.1, KU555887.1, KU680856.1, KU975154.1, KU975155.1, KU975156.1, 
KU975157.1, KU975158.1, KU975159.1, KX492916.1, KX492917.1, KX492918.1, KX492919.1, 
KX492920.1, KX580706.1, KX664449.1, KX664450.1, KX664451.1, KX664452.1, KX664453.1, 
KX664454.1, KX712139.1, KX808124.1, KY046309.1, KY658228.1, KY658229.1, KY658230.1, 
KY658231.1, KY658232.1, KY658233.1, KY658234.1, KY658235.1, KY973655.1, KY973656.1, 
KY973657.1, KY973658.1, KY973659.1, KY973661.1, KY973662.1, LC028234.1 
L. (L.) infantum 
chagasi 
AJ000304.1, AJ000305.1, AJ000306.1, GQ332357.1, GU045591.1, KT751245.1, KT751246.1, 
KT751247.1, KT751248.1, KT751249.1, KT751250.1, KT751251.1, KT751252.1, KT751253.1, 
KT751254.1, KT751255.1, KT751256.1, KT751257.1, KT751258.1, KT751259.1, KT751260.1, 
KT751261.1, KT751262.1, KT751263.1, KT751264.1, KT751265.1, KT751266.1, KT751267.1, 
KT751268.1, KT751269.1,  
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L. lainsoni FN398154.1, HG512895.1, HG512899.1, HG512904.1 
L. lindenbergi FN398151.1 
L. mexicana 
AB558238.1, AB558239.1, AB558240.1, AB558241.1, AB558242.1, AB558243.1, AB558244.1, 
AB558245.1, AB558246.1, AB558247.1, AB558248.1, AB558249.1, AB558250.1, AB558251.1, 
AF466380.1, AF466381.1, AF466382.1, AF466383.1, AJ000312.1, AJ000313.1, FJ948432.1, 
FJ948433.1, FJ948434.1, FJ948435.1, FJ948436.1, FJ948437.1 
L. naiffi FN398152.1, HG512903.1, HG512939.1, HG512950.1 
L. panamensis AJ000298.1, FJ948438.1, FJ948439.1, FJ948440.1, FJ948441.1, FJ948442.1, FJ948443.1, FJ948444.1, FJ948445.1, FJ948446.1 
L. peruviana FN398339.1, FN398340.1, HG512896.1, HG512900.1, HG512902.1 
L. shawi FN398328.1 
L. utingensis FN398153.1 
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Leishmania infantum is the parasite responsible for visceral leishmaniasis (VL), a 
worldwide distribution zoonosis. VL has been undergoing changes in the transmission 
scenario in the Old and New World. Previously VL was characterized as a disease 
restricted to rural areas, but nowadays it’s urbanized. The objective of this study is 
understanding the dispersion of L. (L.) infantum in South America’s center, using 
microsatellite markers of individuals dogs’, humans’ and sandflies’ isolates from Brazil and 
Paraguay associated with historical data. The results of microsatellites in South America’s 
central-south region and historical data (Colombia, Paraguay, Argentina, Chile, Uruguay 
and Brazil) supported four L. (L.) infantum  dispersion events of in this region: 1. 
Colonization of Northweast (Rio Grande do Norte, Piaui, Ceará, Sergipe, Maranhão, 
Pernambuco, Paraiba, Alagoas and Bahia) to southeast states from Brazil (Rio de Janeiro, 
Espírito Santo, São Paulo and Minas Gerais) and center west (Mato Grosso, Mato Grosso 
do Sul and Goias); 2. Construction of Bolivia-Brazil pipeline, starting in Bolivia and 
expanding through the states of Mato Grosso do Sul, São Paulo, Rio de Janeiro and 
Minas Gerais; 3. VL dispersion from Paraguay to Brazil via triple border (Brazil, Argentina 
and Paraguay) in Foz do Iguaçu city, Parana state; 4. Dispersion of VL in Santa Catarina 
state and to Pato Branco (Paraná). The knowledge of these L. (L.) infantum dispersion 
routes is necessary to implement effective measures of VL prevention and control. The 
use of molecular tools, such as microsatellites, can aid in these approaches of searching 
L. (L.) infantum dispersion routes on South- America’s central-south. 




Leishmania infantum is the protozoan that causes visceral leishmaniasis (VL) in 
humans and canines. The domestic dogs are reservoirs and present greater relevance in 
VL epidemiology [1]. The presence of the vector Lutzomia longipalpis is also necessary for 
L. (L.) infantum transmission [1], however Thomaz-Soccol et al., showed that the 
Stockholm Paradigm can be applied specially on the border focus and their importance in 
the elaboration of public health policies in international border areas [2]. On average, 90% 
of the VL cases in the world concentrated in Bangladesh, Brazil, Ethiopia, India, South 
Sudan and Sudan [3]. In Brazil, although known since 1920s, L. (L.) infantum possibly 
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arrived firstly in northeastern region, with dogs and rodents that came from Portugal and 
Spain with colonizers [4-7].  
Since the description of visceral disease, in 1903, the epidemiological profile has 
been changing. Until 80s, the disease was present mainly in rural areas. After this period, 
the disease has adapted in peri urban regions and, nowadays, it is signaled in urban area 
in both old and new world [8-12]. 
Between 1920 and 1980, VL was a disease restricted to rural areas and endemic in 
Northeast Brazil [13-15]. In the years of 1981 and 1982 there was an epidemic of VL in 
Teresina city, Piaui state, and São Luis do Maranhão city, Maranhão state, characterizing 
the agent's progress to urban areas [8]. In the 1990s several epidemic outbreaks were 
reported especially in the southeastern and mid-western regions of the country, with highly 
rates of canine VL cases followed by clinical cases in humans in Belo Horizonte (Minas 
Gerais state), Campo Grande (Mato Grosso do Sul state) and Araçatuba (São Paulo 
state), demonstrating the urbanization of the disease in Brazil [16-21].  
In the south-central of Brazil, L. (L.) infantum is spread along Minas Gerais, São 
Paulo, Mato Grosso, Mato Grosso do Sul, Rio de Janeiro and Espirito Santo, besides in 
the bordering countries as Paraguay (eastern region), Argentina (northern), Uruguay 
(northern) [22]. In this region, epidemics began in the 90s with the construction of the 
east/west route of the Bolivia-Brazil gas pipeline [23,24]. Its building allowed the dispersion 
of L. (L.) infantum on center-south region of Brazil, through the migration of workers and 
infected dogs and deforestation [24-27,22]. This scenario was worsted by the migration of 
humans and dogs by highways and railroads. Deforestation and climate or environmental 
changes may have assisted the expansion of VL in different parts of Brazil [28,24].  
 In southern region the entry of VL is more recent. The first registry of dog and 
human VL cases happened in Rio Grande do Sul in 2006 and 2008 respectively; in Santa 
Catarina in 2011 and Paraná in 2012, when dogs were firstly diagnosed, and the vector 
described. In 2016, human cases of VL were diagnosed in Paraná [29-32].  
The recent urban dissemination of VL in medium and large cities, and the 
expansion to other Brazilian regions show the worst scenarios in the future. The 
movement of people and their infected dogs [33], climate change and the lack of joint 
policies in countries bordering Brazil (approximately 8 thousand km) are risks for VL 
dispersion to south region of Brazil. For instance, Foz do Iguaçu located in the triple border 
(Brazil-Argentina-Paraguay), is one of the main touristic cities in Brazil and presents an 
increase in the number of VL cases [34,32,1]. 
The use of microsatellites assists in L. (L.) infantum isolates differentiation and its 
region, country or continent; as well as provides information about epidemiology and agent 
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characterization in different geographic areas [35-43]. The use of microsatellites in studies 
addressing the dispersion of L. (L.) infantum helps to explain their distribution and potential 
future. These tools can be used to assess the hypothesis of L. (L.) infantum dispersion is 
associated to the construction of pipelines and highways; migration of people and their 
dogs, presence of nature reserves in urban centers with vector maintenance, or 
deforestation and natural disasters.  Therefore, it is necessary to understand the parasite 
and vectors migration to assure control and vigilance measures. 
The first objective of this study was to evaluate the dispersion the L. (L.) infantum in 
Foz do Iguaçu and Santa Terezinha do Itaipu, Paraná state. The second objective is to 
understand the dispersion of L. (L.) infantum in central South America. The knowledge of 
L. (L.) infantum dispersion in South America’s center we used a multiapproach as 
molecular identification (using microsatellite markers of Leishmania isolates in dogs, 
humans, and sand flies from Brazil and Paraguay) associated with historical from South 
America’s center. 
 
4.3 MATERIAL AND METHODS 
 
4.3.1 Sampling, parasite culture and DNA extraction 
 
To test the dispersion of L. (L.) infantum in South America’s Center-South using 
microsatellite markers, 132 isolates from dogs, humans and sandflies were evaluated. 
Among them, 70 samples were collected in Foz do Iguaçu in 4 areas (A: 3 isolates; B: 16; 
C: 21; D: 30) (Fig. 4 - see Thomaz Soccol et al. [1] for details), and 4 samples from dogs 
were collected in Santa Terezinha de Itaipu, in extreme western Paraná State, between 
2013 and 2016 (see molecular identification in the Cap. 1).  
The other isolates (41 samples origin of Curitiba, Maringa and Pato Branco, Paraná 
state; São Miguel do Oeste and Descanso, Santa Catarina state; Andradina and Bauru, 
São Paulo state; Tres Lagoas and Campo Grande Mato Grosso do Sul state; Mato Grosso 
state; Belo Horizonte, Minas Gerais state; Tocantins state; Aracaju, Sergipe state; 
Fortaleza, Ceara state) belong to Molecular Biology Laboratory of Graduate Program in 
Biprocess Engineering and Biotechnology (Federal University of Parana- UFPR). 
Additionally, 10 samples were from Paraguay, which were kindly given for Nilsa Gonzalez 
Britez, Parasitologia y Entomologia Medica, Instituto de Investigaciones en Ciencias de la 
Salud, Universidad Nacional de Asuncion. Seven samples are from Europe (France, Spain 
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and Portugal), Africa (Argelia and Egito) kindly given from Molecular Ecologie Laboratory 
of Medicine Faculty of University of Montpelier, France.  
 
 
Figure 4: Geographical localizations where the dogs were sampled in Foz do Iguaçu and in Santa Terezinha 
de Itaipu (see Thomaz-Soccol et al., [1] from more details) 
 
Samples were collected from bone marrow, aspiration of lymph nodes and 
leukocyte layer of dogs domiciled in Foz do Iguaçu and Santa Terezinha de Itaipu (Paraná 
state) for isolation of L. (L.) infantum. The material was inoculated in Neal, Novy and 
Nicole (NNN) culture medium with saline solution 0.9% for four weeks at 24ºC. The 
promastigote cultures from the other states were cultivated in BHI (Brain Heart Infusion) 
with saline solution 0.9% at 24ºC [44]. After culture the parasites were harvested by 
centrifugation at 5,000g at 4°.C, and washed three times: first with saline solution 0.9%, 
second with saline solution 0.3% and third with 0.9%. 
The DNA of cultured promastigotes and biological Leishmania samples was 
extracted by phenol/chloroform/isoamyl alcohol method [45-47]. The DNA was dosed at 




4.3.2 Genotyping  
 
Fourteen microsatellite markers (Li46-67, Li41-56, Li71-7, Li71-33, Li23-41, Li22-35, 
Lm2TG, Lm4TA, Li45-24, CS20, Li71-5/2, TubCA, List7031, List7039, (see Table 1) 
described by Jamjoom et al. [48], Ochsenreither et al. [49], Kuhls et al. [50] were selected 
to assess the genetic profile of the population from South America’s center-south. PCR 
reaction was performed  using 10 μL of a mix composed by  0.3 pmol of forward primer 
(loci Li46-67, Li41-56, Li 71-7, Li71-33, Lm2TG, CS20, Li71-5/2, TubCA and List7031) and 
0.5 pmol of reverse primer (Li23-41, Li22-35, Lm4TA, Li45-24 and List7039), 10 ng of DNA 
template (5 ng for the loci Li71-7 and Lm2TG), 1.5 mM MgCl2, 0.2 mM dNTP, 0.3 units of 
Taq polymerase platinum (Invitrogen®) and ultrapure water to complete the reaction final 
volume. The PCR cycles were set to run for 3 min at 95 ºC; 35 cycles of 30 s at 95º C, 60 
s at 50 ºC (Li46-67, Li41-56, Li71-7 and Li71-33), 52 ºC (Li23-41 and Li22-35), 54 ºC 
(Lm4TA and Li45-24), 55º C (Lm2TG), 56 ºC (CS20, Li71-5/2 and List7039) e 58 ºC 
(TubCA and List7031); 60 s at 72 ºC; and a final extension at 72 ºC for 60 min. PCR was 
performed with fluorescence conjugated forward primers and the amplified products were 
analyzed in an automated capillary sequencer ABi 3130 (Applied Biosystems®). 
 
4.3.3 Data analyses 
 
To evaluate L. (L.) infantum dispersion in Foz do Iguaçu and Santa Terezinha do 
Itaipu, parasites populations from these regions were analyzed by Pairwise Fst method in 
Arlequin 3.5. software and were assignment analyzed in Structure 2.3.3 software. 
The amplification of the 14 microsatellite markers and their fragment size were 
assessed using the Gene Marker V2.4.2 (SoftGenetics). The presence of null alleles, allele 
dropout and scoring errors was analyzed with Micro-Checker 2.2.3 [51]. The Hardy-
Weinberg disequilibrium, linkage disequilibrium, diversity (gene diversity, Ho and He) and 
genetic differentiation (Fst and AMOVA were performed only for population with more than 
5 individuals, Fis) analyses were performed using the software Arlequin 3.5 [52]. Allelic 
richness was calculated in the Fstat 2.9.3.2 [53]. The critical p value was corrected using 
the B-Y method [54] in analyses with multiple comparisons.  
The number of genetic populations was assessed using the assign method 
implemented in the STRUCTURE 2.3.3 [55] in eight runs for each K (K between 1 and 8), 
composed by a burn-in period of 500,000 itineration’s and 5,000,000 Markov Chain Monte 
Carlo (MCMC) iterations. The ad hoc method of Evanno et al., [56], implemented on the 
online tool Structure Harvester [57], was used to assess the most likely value of K. 
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Samples with genetic profile assigned in more than 75% of a cluster were considered pure 
individuals. Isolates assigned in 25 to 75% of their genome for more than one cluster were 
considered hybrids. The dendrogram was built with software Populations 1.2.32 for 
populations analyses. 
 
4.3.4 First records cases of VL in South America’s South-Central 
 
The first records of VL cases in dogs and humans in each city of the South 
America´s South Central (Bolivia, Argentina, Paraguay, Uruguay and Brazilian states: 
Mato Grosso, Mato Grosso do Sul, São Paulo, Goias, Minas Gerais, Rio de Janeiro, 
Espirito Santo, Paraná, Santa Catarina and Rio Grande do Sul) were assessed using 
Google Scholar, Scielo, Scopus and PubMed data base from 1913 to 2017. The following 
key-words were used: “first case visceral leishmaniasis”, “visceral leishmaniasis in dogs”, 
“visceral leishmaniasis in human” or “Leishmania infantum". Moreover, human records of 
VL between 2001 and 2015 available in SINAN (Sistema de Informação de Agravos de 
Notificação) database, were also considered. Data from 2001 to 2015 were used, since it 
is only these periods with records filed in the SINAN platform.  
After a bibliographical survey, tables with geographical coordinates, of the 
municipalities with VL record, were plotted on the map with routes of pipelines described 




4.4.1 Microsatellite markers 
 
All isolates were analysed for the panel of 14 microsatellites, observing the 
presence of polymorphic loci (Fig 05). The mean heterozygosis observed (Ho) was 0.125 
and heterozygosis expected (He) 0.497. The most diverse markers (Table 05) were Li 23-
41 (Ho: 0.133 He: 0.125), List 7039 (Ho: 0.370 He: 0.470) and Li 71-33 (Ho: 0.405 He: 
0.533). Among the 14 microsatellite markers, the loci List 7031, Li 41-56, Li 45-24 and 
TubCA presented recurrent evidences of null alleles for some populations. Then, they 





Table 5: Microsatellite markers, primer sequences, fragment size, heterozygosity observed (Ho) and 
heterozygosity expected (He), used to assess the dispersion of Leishmania infantum in the South America’s 
center-south. 
Marker Forward Reverse Fragment 
(bp) 
Ho He 
Li46-67 TCTTCTTTCGTTAGCTGAGTGC CTGTATCACCCATGAGGGGC 76 0.000 0.511 
Li41-56 TTGCTTCATGATAACAACTTGG CCTGTTGGTGTGAGTTCGTG 86 0.000 0.555 
Li71-7 GCTGCAGCAGATGAGAAGG GTGAGAAGGCAGGGATTCAA 98 0.047 0.491 
Li71-33 CTCCTTTCACACCGCCTCT GAGAGAAGACGAGCCGAAGT 106 0.405 0.533 
Li23-41 GATCGGAGGTGACAGCGT CCTTTAACTGCCAGTGCG 88 0.133 0.129 
Li22-35 CTTGATGTTCGGGTTAGCAAGT ATGCACACCAAAAATCATGTG 96 0.036 0.462 
Lm2TG AAAAAGCGAGGAATGAAAGAA TCCCTCCCCTCTACAACCTT 144 0.147 0.450 
Lm4TA TTTGCCACACACATACACTTAG GTAGACGACATCGCGAGCAC 78 0.260 0.528 
Li45-24 GCGCCTACAGGCATAAAGGA CTGGCGCATCAACGGTGT 98 0.000 0.371 
CS20 CGTTGGCTGTTGATT GTGTA GCGTGGCAATCTCT CATT 84 0.142 0.802 
Li71-5/2 GCACGGTCGGCATTTGTA GATAAACGAGATGGCCGC 108 0.142 0.472 
TubCA GGCGTGGTTGCTAAACTGAT GCCTGCGCACACAGAGAC 74 0.028 0.656 
LIST7031 CCACTGGTGGAAATAGAAAGACT GGAGAACTAAAACGAGCAGCA 170 0.035 0.524 
LIST7039 CTCGCACTCTTTCGCTCTTT GAGACGAGAGGAACGGAAAA 204 0.370 0.470 
 
 




The genetic differentiation among the parasites from areas of Foz do Iguaçu 
supported that the populations from different area are not genetically different (p < 0.014 
after B-Y correction), but they are genetically different from those of Santa Terezinha de 
Itaipu – PR (Table 06 and Fig. 06). 
Greater allelic diversity was observed in Brazilian populations from Campo Grande 
(MS) and Foz do Iguaçu (PR) (Table 07). The Lm2TG, Lm4TA and List7039 markers 
presented greater intra-population allelic diversity. Populations from Foz do Iguaçu - PR 
and Paraguay presented greater intra-population allelic diversity. 
The genetic structure analysis supported 67.43% of the genetic variation of 
populations is from inter-population level (Fst = 0.674, p value = 0.000). The pairwise 
genetic differentiation presented significant genetic differentiation (p < 0.017 after B-Y 
correction) in every comparison to populations with more than five individuals genotyped 
(i.e. Assumpcion - Py, Belo Horizonte - MG, Foz do Iguaçu - PR, São Miguel do Oeste and 
Descanso - SC), except between Belo Horizonte and Assumpcion, Belo Horizonte and Foz 
do Iguaçu, and São Miguel do Oeste and Descanso (Table 08).  
Table 6: FST and p value (in parenthesis) between Leishmania infantum populations sampled in four areas 
from Foz do Iguaçu and Santa Terezinha de Itaipu. 
Area A Area B Area C Area D 
Area B -0.065 (0.990) 
Area C -0.082 (0.990) -0.001 (0.729) 
Area D -0.071 (0.909) -0.015 (0.774) 0.002 (0.540) 
Santa Terezinha do Itaipu  0.376 (0.018) 0.662 (0.000) 0.674 (0.000)  0.756 (0.000) 
 
 
Figure 6: Genetic assignment of five Leishmania infantum populations of four areas (A, B, C 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 8: Parwise genetic differation (Fst) and their significance (between parenthesis) of 
Leishmania infantum populations with more than 5 individuals genotyped for 10 microsatellites. 






Foz do Iguaçu/ 
PR 
São Miguel do 
Oeste/ SC 
Belo Horizonte/MG 0.464 (0.00) 
Foz do Iguaçu/PR 0.695 (0.00) -0.021 (0.018)   
São Miguel do 
Oeste/SC 0.522 (0.00) 0.597 (0.00) 0.841 (0.00)  
Descanso/SC 0.682 (0.00) 0.919 (0.00) 0.940 (0.00) 0.251 (0.117) 
 
The genetic assignment analysis method of Evanno et al., [56] supported 
that K=2 (ΔK: 52.99) is the most probable number of clusters (Fig 7). This 
analysis supported that L. (L.) infantum populations from Paraguay, Belo 
Horizonte (MG), Bauru (SP), Andradina (SP), Fortaleza (CE), Aracaju (SE), 
Tocantins, Campo Grande (MS), Três Lagoas (MS), Santa Terezinha do Itaipu 
and Foz do Iguaçu (PR) presented similar genetic profile. The populations of 
São Miguel do Oeste, Descanso (SC) and Pato Branco (PR) present similarity 
to each other and difference toother populations. The results of K=3 analysis 
were also informative (ΔK = 1.02, Fig 7), and showed that the populations are 
grouped as follow:  
1. Foz do Iguaçu and Santa Terezinha do Itaipu (PR), Belo Horizonte 
(MG), Tocantins and Paraguay were similar to isolates from France, Portugal 
and Spain characterized as MON-1 by MLEE identification; 
2. Três Lagoas and Campo Grande (MS), Mato Grosso (MT), Andradina 
and Bauru (SP), Fortaleza (CE) and Aracaju (SE) were similar to isolates from 
France, Portugal and Spain characterized as MON-1 by MLEE identification; 
3. São Miguel do Oeste and Descanso (SC), and Pato Branco (PR) were 
similar to isolates from France, Spain and Argelia characterized as MON-108, 














































































   
   












































































































































































































































































The contribution of individuals of each cluster (see material and methods for 
details) was plotting in the map (Fig 08) to better visualize the isolates distribution. 
Similarity, it can be observed in the populations:  
1. Aracaju (SE), Fortaleza (CE), Mato Grosso, Campo Grande and Três 
Lagoas (MS), Andradina and Bauru (SP);  
2. Tocantins, Belo Horizonte (MG), Paraguay, Foz do Iguaçu, Santa Terezinha 
do Itaipu (PR) and Belo Horizonte (MG);  





Figure 8: Populations distribution maps and pipeline construction expansion or operation according to 
percentage of genetic profile of each population. Samples with genetic profile assigned of more than 
75% in a cluster were considered pure individuals. 
 
After genetic profile test, the dendogram was analyzed, where the population 




and Campo Grande, Mato Grosso do Sul state (POP 8); 2. Andradina, São Paulo 
state (POP 11) and Três Lagoas, Mato Grosso do Sul state (POP 7); 3. Mato Grosso 
state (POP 6), São Miguel do Oeste and Descanso, Santa Catarina state (POP 16) 
and Aracaju, Sergipe state (POP 3); 4. Europe and African (POP 1); 5. Maringa, 
Parana state (POP 13), Tocantins state (POP 5) and Belo Horizonte, Minas Gerais 
state (POP 9); 6. Foz do Iguaçu and Santa Terezinha de Itaipu, Parana state (POP 
14 and 15) and Paraguay (POP 2); 7. Fortaleza, Ceara state (POP 4) and Curitiba, 
Paraná state (POP 12). 
 
Figure 9: Dendogram building with software, and NJ for populations genetic grouping analysis. (POP 
1: Europe and African; POP 2: Paraguay; POP 3: Aracaju, Sergipe state; POP 4: Fortaleza, Ceara 
state; POP 5: Tocantins state; POP 6: Mato Grosso state; POP 7; Três Lagoas, Mato Grosso Sul 
state; POP 8: Campo Grande, Mato Grosso do Sul state; POP 9: Belo Horozinte, Minas Gerais state; 
POP 10: allocthones case of Curitiba, Paraná state; POP 11: allocthones case of Maringa, Parana 
state; POP 14: Foz do Iguaçu, Parana state; POP 15: Santa Terezinha de Itaipu, Parana state;  POP 




4.4.2 First records of VL in South America’s center-south: literature recovered date 
 
The search of first records of VL cases in dogs and humans resulted in 52,029 
articles, in which 350 were preselected because had epidemiology information or 
reported first cases of VL South America’s center-south. Among these articles 55 
were selected due to report human or canine VL cases in South America’s center-
south region (Colombia, Paraguay, Argentina, Chile, Uruguay and Brazil) between 
1913 and 2017.  
A total of 656 sites were described with human and canine VL cases in, of 
which 483 were human records between 2001 at 2015 available in the SINAN and 
173 records in literature consultation.  
These records were plotted on map separated by historical periods of VL, as 
follows:  
1- 1913 to 1980: populational migration from northwest to southeast (16 
counties recording VL case – Fig 10A);  
2- 1981 to 1997: beginning of rural exodus, with migration of people and their 
animals from rural to urban areas (11 counties case records Fig 10B);  
3- 1998 to 2005: construction of Bolivia-Brazil pipeline and migration of 
employees and their pets to Mato Grosso do Sul and São Paulo state, migration for 
epidemics of VL to big centers of São Paulo, Minas Gerais and Mato Grosso do Sul 
states (283 counties with case records - Fig 10C);  
4- 2006 to 2010: VL cases registered in Paraguay, Argentina and in the border 
of Rio Grande do Sul state with Argentina (175 counties Fig 10D);  
5- 2011 to 2017: Expansion in south Brazil (VL cases in Santa Catarina and 
Paraná states) and VL cases on border cities between Uruguay and Brazil (171 
counties) (Fig. 10E) 










Table 9: Number of sites per country and Brazilian state with cases of human and canine visceral 
leishmaniasis in the South America’s Center south region. 
 1913-1980 1981-1997 1998-2005 2006-2010  2011-2017  
Chile 0 0 1 0  0  
Bolivia 0 1 2 0  0  
Argentina 2 0 1 11  1  
Paraguay 0 0 1 0  3  
Uruguay 0 0 0 1  1  
Brazil 14 10 279 163  166  
Mato Grosso 4 4 17 10  13  
Mato Grosso do Sul 2 0 26 8  7  
Goias 0 0 19 23  22  
São Paulo 5 4 101 52  63  
Minas Gerais 2 2 102 59  41  
Espirito Santo 0 0 8 3  3  
Rio de Janeiro 1 0 6 5  7  
Parana 0 0 0 0  4  
Santa Catarina 0 0 0 0  4  
Rio Grande do Sul 0 0 0 3  2  
Total 16 11 284 175  171  
 
In map (Fig. 10F) is possible to observe several dispersions of L. (L.) infantum 
in South America’s center south region, being:  
1) the initial dispersion from northeast region to Minas Gerais state,  
2) dispersion along construction Bolivia-Brazil pipeline,  
3) dispersion from Paraguay to Brazil by triple frontier in Foz do Iguaçu city, 









Figure 10: Period of the first VL cases and cVL cases in South America’s center-south region 
(bibliographic survey) and pipeline construction expansion or operation. (A) Registered cases from 
1913 to 1980; (B) Registered cases from 1981 to 1997; (C) Registered casesfrom 1998 to 2005; (D) 








The municipality of Foz do Iguaçu is located on west of Paraná state (Brazil), 
bordering two other countries (Argentina and Paraguay), considered a potential place 
for VL dispersion because has an intensive people flow, environment with abundant 
vegetation, intense humidity and temperature media above 21.6ºC throughout the 
year. In addition, the presence of Lu. longipalpis was described in Foz do Iguaçu 
characterizing the first vector appearance in that region. This fact also corroborates 
to identify the region as a potential VL dispersion focus [60]. Actually, the vector is 
dispersed on all sites in Foz do Iguaçu and Santa Terezinha de Itaipu [61]. In the 
same way, VL autochthonous cases in dogs were signaled in 2013 and actually is 
distributed on all regions of Foz do Iguaçu and Santa Terezinha de Itaipu [29,1]. 
Besides that, in 2016 the first human autochthonous case was registered [32]. Foz 
do Iguaçu is now an endemic county for L. (L.) infantum due to the generalized 
distribution of seropositive dogs, abundance of   Lu. longipalpis and human cases in 
all areas of the city [1]. However, the question is from where the key actors come to 
complete the parasite cycle? 
Based on the results of our work, which used microsatellites approach to 
identify VL parasites dispersion, and on recorded data from literature it can be 
proposed four events that contributed to L. (L.) infantum dispersion in South 
America’s center-south region: 1. Population migration and rural exodus; 2. Pipeline 
construction; 3. Brazilian-Argentine currency in Santa Catarina; 4. Triple border. The 
microsatellites are an interesting tool to study the population diversity and the 
dispersion of the disease. Several studies of L. (L.) infantum populations were 
developed in Brazil using microsatellite as tools [64-66,26] with the purpose of 
verifying the dispersion of the disease. And the literature dates are currently used to 
niche study, giving consistency to our study. 
The first event, population migration and rural exodus started in the 
colonization event of Brazilian states in northeast region, going to north, southeast 
and center west was supported by the presence of the same L. (L.) infantum group 
between Aracaju (SE), Fortaleza (CE), Mato Grosso, Campo Grande and Três 
Lagoas (MS), Andradina and Bauru (SP). The beginning of the rural exodus occurred 
during this period of 60s, having dispersed the population to the center-west and 




new places [61]. From 1981 to 1997, people and their animal’s migration from rural to 
urban areas led to the dispersal of VL cases in peripheries of large cities. The first 
major urban epidemic of VL occurred in Teresina (Piaui), resulting with more than 
1000 human cases reported between 1981 and 1986 [8]. In the following years VL 
cases began to be registered in large and medium cities, including São Luís (MA), 
Natal (RN), Aracaju (SE), Boa Vista (RR), Santarém (PA), Palmas (TO), Rio de 
Janeiro (RJ), Belo Horizonte (MG), Montes Claros (MG), Araçatuba (SP), Cuiabá 
(MT), Corumbá (MS), Três Lagoas (MS), Campo Grande (MS) [62,63]. 
The second event, construction of the Bolivia-Brazil gas pipeline, starting in 
Bolivia and expanding to Mato Grosso do Sul, São Paulo, Rio de Janeiro and Minas 
Gerais may have assisted in the dispersal of VL. The review of cases and the 
isolates of L. (L.) infantum demonstrated genetic similarity of population from Mato 
Grosso do Sul and São Paulo states. Probably the displacement of employees and 
their pets by the course of gas pipeline construction initiated in 1998, as well as 
deforestation and ecological imbalance resulted in VL dispersion in these states 
[24,65,26,27]. The deforestation of green areas for gas pipeline construction causes 
ecological imbalance resulting in the dispersion of Lu. longipalpis vector for urban 
areas [67,68]. Another ecological relevant factor associated to L. (L.) infantum 
dispersion is the possible parasite capacity of changing to other vectors [2,69-80]. 
The third event, Brazilian-Argentine currency in Santa Catarina indicates that 
other dispersion of L. (L.) infantum occurred in Brazil through the Brazilian-Argentine 
currency in Santa Catarina. More parasite isolation is necessary to confirm this 
hypothesis. 
The fourth event, triple border the isolates from Paraguay, Foz do Iguaçu and 
Santa Terezinha de Itaipu (PR) and Belo Horizonte (MG) indicate the possible entry 
of L. (L.) infantum through the triple border Brazil, Argentina and Paraguay more 
specifically by Foz do Iguaçu (PR). In this region there is an intense flow of people 
and animals, and an outbreak of VL was observed in Paraguay, Colombia, Argentina 
and Paraguay (four periods 2006-2010), where VL cases have been reported in 
Argentina, Paraguay, and Uruguay [80-84,34] and in Rio Grande do Sul, Brazil [29]. 
In 2011 VL cases were reported in Santa Catarina, and in 2012 in Paraná 
characterizing the fifth period (2011-2017) [30-32,84,1]. Other possible VL entry in 
Foz do Iguaçu was by the migration of military and their pets residing in Minas Gerais 




military protection. The first case of human VL in Minas Gerais state was diagnostic 
in 1992 possible because of military migrations [9]. 
In the analyses of historical cases, most cases of VL in humans are not 
reported at the place of occurrence, thus limiting the search for information and may 
increase the prevalence in large centers due to omission of information. In other 
cases, the patient ends up dying without confirmation of the diagnosis, since VL is 
often not the main clinical suspicion evaluated. 
In resume, microsatellite results support four dispersion events of L. infantum 
in South America’s Center South region: 1. Migratory flow and rural exodus; 2. 
Pipeline construction; 3. New parasite population group in Santa Catarina state and 
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5 FINAL CONSIDERATIONS 
 
L. (L.) infantum was isolated and identified as a parasite present in dogs with 
suspected VL in Foz do Iguaçu and Santa Terezinha de Itaipu, Paraná, through the 
ITS marker. This marker allowed to identify the circulating species in a recent 
transmission focus. However, it was not possible to observe intra-species genetic 
variability, and was therefore not suitable for population analysis of L. (L.) infantum. 
The use of other molecular tools such as microsatellites, for population studies and 
dispersion of VL cases in South America’s Center South region, became necessary. 
With the use of fourteen microsatellite markers, associated with the historical survey 
of VL cases, it was possible to show that four events contributed to the spread of the 
disease in the South America’s Center South region. The events were: colonization 
and occupation of Brazilian states, construction of pipelines and pipelines, population 
migration and a new entry of VL in Pato Branco (different genotype). These factors 
raise the hypothesis that this population has entered the state of Santa Catarina. In 
order to answer this question, it is necessary to study a larger group of isolates of L. 
(L.) infantum, including parasite samples from Argentina and the state of Rio Grande 
do Sul (Brazil) to confirm the entry of the parasite in the state of Paraná and 
understand the new VL scenario in Santa Catarina. With the knowledge of 
Leishmania species and the disease dispersal routes in the South America’s Center 
South region it may be possible to implement measures of prevention and control of 
VL. For example, with the results obtained in the present work it is possible to predict 
that in the State of Paraná there will be two dispersion routes for VL. The first will be 
BR 277 and the second through BRs 158 and 373. It is therefore necessary to 
organize the primary, secondary and tertiary health services of these regions in the 
face of disease dispersal and to alert physicians and veterinarians to differentiate VL 
from other diseases with similar symptoms or clinical signs. In dogs VL should be 
differentiated from diseases such as demodicosis, erlichiosis, babesiosis because 
they cause similar clinical signs. In humans, risk groups (immunocompromised, 
children, elderly) and suspected cases such as clinical signs of high fever and rapid 
weight loss, differing from diseases such as leukemia, typhoid fever, malaria, 
histoplasmosis, and others should be considered. With actions and surveillance 
measures, an effective way of prevention and control of VL can be established based 
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